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The present Edition of this Work, like the two 
preceding, has been compiled for the use of the ca- 
dets of the U. S. Military Academy, and comprises 
that part of the Course of Civil Engineering taught 
them which the Author deemed would prove the most 
useful to pupils in other seminaries, studying for the 
profession of the civil engineer. 

In preparing this Edition, the Author has found it 
necessary to recast and rewrite the greater portion 
of the work; owing to the considerable additions 
made to it, and called for by the vast accumulation 
of important facts since the pubUcation of the former 
editions. A new form has also been given to the 
work, in the Substitution of wood-cuts in the body 
of it for the plates in the former editions, as better 
adapted to its main object as a text-book. From 
these additions and changes, the Author trusts that 
the work will be found to contain all of the essential 
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principles and facts respecting those branches of the 
subject of which it treats; and that it will prove a 
serviceable aid to instructors and pupils, in opening 
the way to a more extensive prosecution of the 
studies connected with the engineer's art. 
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BUILDING MATERIALS. 

1. A KNOWLEDGE of thc propeities of building materials is one 
of the most important branches of Civil Engineering. An en- 
gineer, to be enabled to make a judicious selection of materials, 
and to apply them so that the ends of sound economy and skilful 
workmansmp shall be equally subserved, must know their or- 
dinary durability under the various circumstances in which they 
are employed, and the means of increasing it when desirable ; 
their capacity to sustain, without injury to their physical quali- 
ties, permanent strains, whether exörted to crush them, tear them 
asmider, or to break them transversely ; their resistance to rup- 
ture and wear, from percussion and attrition ; and, finally, the 
time and expense necessary to convert them to die uses for which 
they riiay be required. 

2. The materials in general use for civil constructions may be 
arranged mider the three foUowing heads : 

Ist. Those which constitute tne more solid components of 
structures, as Stone, Bricht Woody and the Metals, 

2d. The cements in ffeneral, as Mortar, Mastics, Glue, &c., 
which are used to miite tne more solid parts. 

3d. The various mixtures and chemical preparations, as Solu- 
tions of Salts, PaintSy Bituminous Substances, &c., employed 
to coat the more solid paxts, and protect them from the chemical 
and mechanical action of atmospheric changes, and other causes 
of destructibihty. 

STONE. 

3. The term Stone, or Rock, is appUed to any aggregation of 
sdveral mineral substances. Stones, for the convenience of de- 
scription, may be arranged imder three general heads — ^the säi^ 
Claus f the argillaceotis, and the calcareous. 

1 
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4. SiLicioTJS Stones. The stones arranged under this head 
receive their appellation from silex^ the principal constituent 6f the 
minerals whicn compose them. They are aiso frequently desig- 
nated, either according to the mineral found most abundantly in 
them, or from the appearance of the stone, as feldspatJnc, quart- 
zose, arenaceousy &c. 

5. The silicious stones generally do not effenresce with acids, 
and emit sparks when Struck with a steel. They possess, in a 
high deeree, the properties of strength, hardness, and dm'ability ; 
and, almough presentiog great diversity in the degree of these 
properties, as well as in their structure, they fumish an extensive 
variety of the best stone for the various purposes of the engineer 
and architect. 

6. Sienite, Porphi/iy, and Green-stone, from the abundance 
of feldspar which they contain, are often designated as feldspathic 
rocks. For durability, strength, and hardness, they may be placed 
in the first rank of silicious stones. 

7. Sienite consists of a granulär araregation of feldspar, hom- 
blende, and quartz. It fumishes one oi the most valuable building 
stones, particularly for structures which require great strength, 
or are exposed to any very active causes ' of destructibiUty, as 
sea walls, lighthouses, and fortifications. Sienite occurs in exten- 
sive beds, and may be obtained, from the localities where it is 
quarried, in blocks of any requisite size. It does not yield easily 
to the chisel, owing to its great hardness, and when coarse- 
grained it cannot be wrought to a smooth surface. Like all 
stones in which feldspar is found, the durability of sienite de- 
pends essentially upon the composition of this mineral, which, 
owing to the potash it contains, sometimes decomposes very rap- 
idly when exposed to the weather. The durability of feldspathic 
rocks, however, is very variable, even where their composition is 
the same ; no pains snould therefore be spared to ascertain this 
property in stone taken from new quarries, before using it for 
important public works. 

8. Porphyry. This stone is usually composed of compact feld- 
spar, having crystals of the same, and sometimes those of othei 
minerals, scattered through the mass. Porphyry furnishes stones 
of various colors and texture ; the usual color being reddish, ap 
proaching to purple, from which the stone takes its name. Om 
of the most oeautiful varieties is a brecciated porphyry, consist 
ing of angular fr^gments of the stone united by a cement of com 
pact feldspar. Porphyry, from its rareness and extreme hardness 
18 seldom applied to any other than omamental purposes. The 
best known localities of sienite and porphyry are m die neighb<nr 
hood of Boston. 

9. Green-sUme. This stone is a mizture of h<»mbleiidB witl 
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common and compact feldspar, presenting sometimes a granulär^ 
though usually a compact texture. Its ordinary color, when dry, 
is some shade of brown ; but, when wet, it becomes greenisn, 
from which it, takes its name. Green-stone is very hard, and 
one of the most durable rocks ; but, occurring in small and 
irregulär blocks, its uses as a building stone are very restricted. 
When walls of this stone are built with very white mortar, they 
present a picturesque appearance, and it is on that account well 
adapted to rural architecture. Green-stone might also be used 
as a material for road-makin^ ; large quantities of it are annually 
taken from the principal locality of this rock in the United States, 
so well known as the PaUsades, on the Hudson, for construct- 
ing wharves, as it is found to withstand well the action of salt 
water. 

10. Granite and Gneiss. The constituents of these two stones 
are the same ; being a granulär aggregation of quartz, feldspar, 
and mica, in variable proportions. They difFer only in their 
structure; gneiss being a stratified rock, the ingredients of 
which occur frequently in a more or less laminated State. Gneiss, 
although less valuable than granite, owing to the efFect of its 
structure on the size of the blocks which it yields, and from its 
not Splitting as smoothly as granite across its beds of stratiiica- 
tion, fumishes a building stone suitable for most architectural 
purposes. It is also a good flagging material, when it can be ob- 
tained in tliin slabs. 

Granite varies greatly in quality, according to its texture and 
the relative proportions of its constituents. When the quartz is 
in excess, it renders the stone hard and brittle, and very difficult 
to be worked with the chisel. An excess of mica usually makes 
the stone friable. An excess of feldspar gives the stone a white 
hue, and makes it freer under the chisel. The best granites are 
thqse with a fine grain, in which the constituents seem uniformly 
disseminated through the mass. The color of granite is usually 
some shade of eray ; when it varies from this, it is owing to the 
color of the feldspar. One of its varieties, known as Oriental 
granite, has a fine reddish hue, and is chiefly used for omamental 
purposes. Granite is sometimes mistaken for sienite, when it 
contains but little mica. 

The quaUty of granite is aflfected by the foreign minerals which 
it may contain ; homblende is said to render it tough, and schorl 
makes it quite brittle. The jprotoxide and sulphurets of iron are 
the most injurious in their enects on granite ; the former by con- 
version into a peroxide, and the latter by decomppsing, destroying 
the structure of the stone, and causing it to break up and disin- 
tegrate. 

Granite, gneiss,. and siep^ta^ differ so. little in their essienti^} 
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qualities, as a building material, that they may be used indiffer- 
ently for all structures of a solid and durable character. They 
are extensively quarried in most of the New England States, in 
New York, and in some of the other States intersected by the 
great ränge of primitive rocks, where the quarries lie contiguous 
to tide-water. 

1 1 . Mica State. The constituents of this stone are quartz and 
mica ; the latter predominating. It is principally used as a flag- 
ging stone, and as a,ßre stone, or lining for fiimaces. 

12. Buhr, or Mill-stone. This is a very hard, durable stone, 

Eresenting a peculiar, honeycomb appearance. It makes a good 
uilding material for conunon purposes, and is also suitable for 
road coverings. 

13. Hom-stone. This is a highly siUcious and very hard 
stone. It resembles flint in its structure, and takes its name 
from its translucent, hom-like appearance. It fumishes a very 
good road material. 

14. Steatite, or Soap-stone, This stone is a partially indura- 
ted talc. It is a very soft stone, and not suitable for ordinary 
building purposes. It fumishes a good fire-stone, and is used 
for the lining of fireplaces. * 

15. Talcose Slate, This stone resembles mica slate, being an 
aggregation of quartz and talc. It is applied to the same pur- 
poses as mica slate., 

16. Sand-stone. This stone consists of grains of silicious 
sand, arising from the disintegration of sihcious rocks, which are 
united by some natural cement, generally of an argiUaceous or a 
siUcious character. 

The strength, hardness, and durability of sand-stone vary be- 
tween very vnde limits. Some varieties being little inferior to 
good granite, as a building stone, others being very soft, friable, 
and disintegrating rapidly when exposed to the weather. The 
least dmrable sand-stones are those which contain the most argil- 
laceous matter ; those of a feldspathic character are also found 
not to withstand well the action of weather. 

Sand-stone is used very extensively as a building stone, for 
flagging, for road materials, and some of its varieties fumish an 
excellent fire-stone. Most of the varieties of sand-stone yield 
readily under the chisel and saw, and split evenly, and, from 
these properties, have received from workmen the name of free 
stone, The colors of sand-stone present also a variety of shades, 
principally of gray, brown, and red. 

The formations of sand-stone in the United States are very 
extensive, and a number of quarries are worked in New England, 
New York, and the Middle States. These formations, and the 
character of the stone obtained from them, are minntely described 
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in the Geological Reports ofthese States^ which have been pub- 
lished within the last few years. 

Most of the stone used lor the public buildings in Washington, 
is a sand-stone obtained from quarries on Acquia Creek and the 
Rappahannock. ,Much of this stone is feldspathic, possesses but 
little strength, and disintegrates rapidly. The red sand-stones 
which are used in our large cities, are either from quarries in a 
formation extending from the Hudson to North Carohna, or from 
a separate deposite in the Valley of the Connecticut. The most 
durable and hard portions of these formations occur in the neigh- 
borhood of trap diltes.. The fine flagging-stone used in our cities 
is mostly obtained, either from the Connecticut quarries, or from 
others near the Hudson, in the Catskill group of mountains. 
Many quarries, which yield an excellent building stone, are 
worked in the extensive formations along the Appalachian ränge, 
which extends through the interior, through New York and Vir- 
ginia, and the intermediate States. 

17. Argillaceous Stones. The stones arranged under this 
head are mostly composed of clay, in a more or less indurated 
State, and presenting a laminated structure. They vary greatly 
in strength, and are generally not durable, decomposing in some 
cases very rapidly, from changes in the metallic sulphurets and 
salts found in most of them. The uses of this class of stones 
are restricted to roofing and flagffing. 

18. Roofing Slate. This weU-lmown stone is obtained from 
a hard, indurated clay, the surfaces of the lamina having a natu- 
ral polish. The best kinds spUt into thin, uniform, light slabs ; 
are free from sulphurets of iron ; give a clear rinmng sound when 
Struck ; and absorb but Uttle water. Much of the roofing slate 
quarried in the United States is of a very inferior quality, and 
becomes rotten, or decomposes, after a few years' exposure. The 
durability of the best European slate is about one hundred years ; 
and it is stated that the material obtained from some of the quar- 
ries worked in the United States, is not apparently inferior to the 
best foreign slate brought into our markets. Several quarries of 
roofing slate are worked in the New England States, New York, 
and Pennsylvania. 

19. Graywacke Slate. The composition of this stone is 
mostly indurated clay. It has a more earthy appearance than 
arffillaceous slate, and is generally distinctly arenaceous. Its 
colors are usually dark gray, or red. It is quarried principally 
for flagging-stone. 

20. Hornblende Slate. This stone, known also as green-stone 
slate, properly belongs to the silicious class. It consists mostly 
of homblende having a laminated structure. It is chiefly quarried 
for flagging-stone. 
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21. Calcareous Stoneb. Lime is tl^e principal constituent 
of this class, the carbonates of which, known as Jime^stone and 
marhUy fumish a large amount of ordinary building stone, most 
of the omamental stones, and the chief ingredient in the compo- 
sition of the cements and mortars, used in stone and brick-work. 
Lime-stone effervesces copiously with acids ; its texture is de- 
stroyed by a strong heat, which also drives off its carbonic acid 
and water, Converting it into quick lime. By absorbing water, 
quick-hme is converted into a hydrate^ or slaked lime ; consider* 
able heat is evolved during this chemical change, and the stone 
increases in bulk, and gradually crumbles down into a fine 
powder. 

The Ume-stones present great diversity in their physical prop- 
erties. Some of them seem as durable as the best suicious stones, 
and are but httle inferior to them in strength and hardness ; others 
decompose rapidly on exposuxe to the weather ; and some kinds 
are so soft that, when first quairied, they can be scratched with 
the nail, and broken between the fingers. The lime-stones are 
generally impure carbonates ; and we are indebted to these im- 
purities for some of the most beautiful, as well as the most inval- 
uable materials used for Gonstructions. Those which are colored 
by metallic oxides, or by the presence of other minerals, fiimish 
the large number of colored and variegated marbles ; while those 
which contain a certain proportion of clay, or of magnesia, yield, 
on calcination, those cements which, from their possessing the 
property of hardening under water, have received the various 
appellations of hydraulic lime, water lime, Roman cement, &c. 

liime-storie is divided into two principal classes, granulär 
lime-stone and compact lime-stone. Each of these fumishes both 
the marbles and oidinary building stone. The varieties not sus- 
ceptible of receiving a polish, are sometimes called common hme- 
stone. 

The granulär lime-stones are generally superior to the compact 
for building purposes. Those wnich have the finest grain are the 
best, both for marbles and oidinary building stone. The coarsc- 
grained varieties are frequently mable, and disintegrate rapidly 
when exposed to the weather. All the varieties, both of the com- 
pact and granulär, work freely under the chisel and grit-saw, and 
may be obtained in blocks of any suitable dimensions for the 
heaviest structures. 

The durability of lime-stone is very materially affected by the 
foreign minerals it may contain ; the presence of clay injures the 
stone, particularly when, as sometimes happens, it runs through 
the bed in very minute veins : blocks of stone having this imper- 
fection,.soon separate along these veins on exposure to moisture. 
The protoxide, the protocarbonate, and the sulphuret of iron, are 
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also very destructive in their effects ; frequently causing, by their 
chemical changes, rapid disintegration. 

Among the varieties of inrpure carbonates of lime, the magne- 
sian lime-stones, called dolomites, merit to be particularly no- 
ticed. They are regarded in Europe as a superior building 
material ; those being considered the best which are most crys- 
talline, and are composed of nearly equal proportions of the 
carbonates of lime and magnesia. Some of the cmarries of this 
stone, which have been opened in New York and Massachusetts, 
have given a differenl; result ; the stone obtained from them being, 
in some cases, extremely friable. 

22. Marbles. The term marble is now appUed exclusively 
to any lime-stone which will receive a polish. Owing to the cost 
of preparing marble, it is restricted in its uses to omamental l)ur- 
poses. The marbles present great variety, both in color and ap- 

Searance, and have generally received some appropriate name 
escriptive of these accidents. 

23. Statuary Marble is of the purest white, finest grain, and 
free from all foreign minerals. It receives that delicate polish, 
without glare, which admirably adapts it to the purposes of the 
sculptor, for whose uses it is mostly reserved. 

24. Conglomerate Marble, This consists of two varieties ; the 
one termed pudding stone, which is composed of rounded pebbles 
imbedded in compact Ume-stone ; the other termed breccta, con- 
sisting of angular fragments united in a similar manner. The 
colors of these marbles are generaUy variegated, forming a very 
handsome omamental material. 

25. Birds-eye Marble, The name of this stone is descriptive 
of its appearance, which arises from the cross sections of a pecu- 
liar fossil {fucoides demissus) contained in the mass, made in 
sawing or Splitting it. 

26. Lumachella Marble. This is obtained from a lime-stone 
having sheUs imbedded in it, and takes its name from this cir- 
cumstance. 

27. Verd Antique. This is a rare and costly variety, of a 
beautifrd green color, caused by veins and blotches of Serpentine 
diflFused through the lime-stone. 

28. The terms veinedy golden, Italian, Irishy &c., given to 
the marbles found in our markets, are significant of their appear- 
ance, or of the localities from which they are procured. . 

29. Lime-stone is so extensively difFused throughout the Uni- 
ted States, and is quarried, either for building stone or to furnish 
lime, in so many localities, that it would be impracticable to enu- 
merate all within any moderate compass. One of the most re- 
markable formations of this stone extends, in an uninterrupted 
bed, from Canada, through the States of Vermont, Mass., Conn., 
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New York, New Jersey, Penn., and Virg., and, in all probability, 
much farther south. 

Marbles are quamed in various localities in the United States. 
Among the most noted are the quarries in Berkshire Co., Mass., 
which fumish both pure and variegated marbles ; those on the 
Potomac, from which the columns oi conglomerate marbles were 
obtained that are seen in the interior of me Capitol at Washing- 
ton ; several in New York, which Aimish white, the birds-eye, and 
other variegated kinds; and some in Conn., which, among other 
varieties, fumish a verd antique of handsome quality. 

Lime-stone is bumed, either for building or acricultural pur- 
poses, in almost every locality where deposites of the stone occur. 
Thomaston, in Maine, has supphed for some years most of the 
markets on the sea-board witn a material which is considered as 
a superior article for ordinary building purposes. One of the 
greatest additions to the building resources of our country, was 
made in the discovery of the hydrauhc or water lime-stones of 
New York. The preparation ol this material, so indispensable 
for all hydraulic works and heavy structures of stone, is carried 
on extensively at Roundout, on the Delaware and Hudson canal, 
in Madison Co., and is sent to every part of the United States, 
being in great demand for all the pubhc works carried on under 
•the superintendence of our civil and military engineers. A not 
less vaiuable addition to our building materials has been made by 
Prof. W. B. Rogers, who, a few years since, directed the atten- 
tion of engineers to the dolomites, for their good hydraulic prop- 
erties. Irom experiments made by Vicat, in France, who first 
there observed tlie same properties in the dolomite, and from 
those in our own coimtry, it appears highly probable that the mag- 
nesian lime-stones, containing a certain proportion of magnesia, 
will be found fully equal to the argillaceous, troia which hydraulic 
lime has hitherto been solely obtained. 

Both of these lime-stones belong to very extensive formations. 
The hydraulic lime-stones of New i ork occur in a deposite called 
the Water-lime Group, in the Geological Survey of New York, 
cerrespönding to formation •¥!. of Prof. H. B. Rogers' arrange- 
ment of the rocks of Penn. This formation is co-extensive with 
the Helderberg Range as it crosses New York ; it is exposed in 
many of the Valleys of Penn, and Virg., west of the Great Valley. 
It may be sought for just below or not far beneath the Oriskany 
sand-stones of the New York Survey, which correspond to form- 
ation Vn. of Rogers. This sand-stone is easily recognised, being 
of a yellowish white color, granulär texture, with large cavities 
left by decayed shells. The Hme-stone is usually an earthy, 
drab-colored rock, sometimes a greenish blue, which does not 
slake after being bumed. 
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The hydraulic magnesian lime-stones belong to the fonnations 
IL and Vi. of Rogers ; the first of these is the same as the Black 
River, or Mohawk lime-stone of the New York Survey. It is the 
oldest fossiliferous lime-stone in the United States, and occurs 
throughout the whole bed, associated with the slates which occu- 
py formation III. of Rogers, and are called the Hudson River 
Group in the Nev^r York Survey. This extensive bed hes in the 
great Appalachian Valley, known as the Valley of Lake Cham-' 
piain, Valley of the Hudson, as far as the Highlands, Cumberland 
Valley, Valley of Virginia, and Valley of East Tennessee. The 
same stone is found in the deposites of some of the westem Val- 
leys of the mountain region of Penn, and Virginia. 

The importance of hydrauUc lime to the security of structures 
exposed to constant moisture, renders a knowledge of the geo- 
logical positions of those lime-stones from v^rhich it can be ob- 
tained an object of great interest. From the results of the various 
geological surveys made in the United States, and in Europe, 
lime-stone, possessing hydrauhc properties v^hen caicined, may 
be looked for among those beds vvrhich are found in connection 
with the shalesj or other argillaceous deposites. The celebrated 
Roman, or Parketts cementy of England, which, from its prompt 
induration in water, has become an important article of commerce, 
is manufactured from nodules of a concretionary argillaceous 
lime-stone, called septaria, from being traversed by veins of 
sparry carbonate of Jime. Nodules of this character are found 
in Mass., and in some other States ; and it is probable they would 
yield, if suitably caicined and ground, an article in nowise inferior 
to that imported. 

30. Gypsum, or Plaster of Paris. This stone is a sulphate of 
lime, and has received its name from the extensive use made of 
it at Paris, and in its neighborhood, where it is quarried and sent to 
all parts of the world ; being of a superior quality, owing, it is stated, 
to a certain portion of carbonate of lime which the stone contains. 
Gjrpsum is a very soft stone, and is not used as a building stone. 
Its chief Utility is in fiimishing a beautifiil material for the oma- 
mental casts and mouldings in the interior of edifices. For this 
purpose it is prepared by calcining, or, as the workmen term it, 
hoiting the stone, until it is deprived of its water of crystalUzation. 
In this State it is made into a thin paste, and poured into moulds to 
form the cast, in which it hardens very promptly. Caicined plaster 
of Paris is also used as a cement for stone ; but it is eminently unfit 
for this purpose ; for when exposed, in any Situation, to moisture, 
it absorbs it with avidity, sweDs, cracks, and exfoüates rapidly. 

Gypsum is found in various locaUties in the United States. 
Laxge quantities of it are quarried in New York, both for build« 
ing and agricultural purposes. 

2 
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31. DüRABiLiTY OF Stone. The most important prop^rties 
of stone, as a building material, are its durability under tne or- 
dinary circumstances of exposure to weather ; its capacity to 
sustain high degrees of temperature ; and its resistance to the 
destructiTe action of fresh and salt water. 

The wear of stone from ordinary exposure is very variable, 
depending, not only upon the texture and constituent elements of 
the stone, but also upon the locahty and the position it may oc- 
cupy in a structuie, with respect to the prevailing driving rains. 
The chemist and ^eologist have not, thus far, laid down any in- 
fallible rules to guide the engineer in the selection of a material 
that may be prcmounced durable for the ordinary period allotted 
to the works of man. In truth, the subject admits of only gen- 
eral indications ; for stones having the same texture and chemical 
composition, from causes not fiilly ascertained, are found to pos- 
sess very different desrees of duration. This has been particu- 
larly noted in feldspathic rocks. As a general rule, those stones 
which are fine-grained, absorb least water, and are of greatest 
specific gravity, are also most durable under ordinary exposures. 
The weight of a stone, however, may arise from a large propor- 
tion of iron in the State of a protoxide, a circumstance ^enerally 
unfavorable to its durabihty. Besides, the various chemical com- 
binations of iron, potash and clay, when found in considerable 
quantities, both in the primary and sedimentaiy siUcious rocks, 
ffreatly affect their durability. The potash contained in feldspar 
dissolves, and carrying o£f a considerable proportion of the silica, 
leaves nothing but aluminous matter bemnd. The clay, on the 
other band, absorbs water, becomes soft, and causes the stone to 
crumble to pieces. Iron in the form of protoxide, in some cases 
only, discolors the stone by its conversion into a peroxide. This 
discoloration, while it greatly diminishes the value of some stones, 
as in white marble, in others is not disagreeable to the eye, pro- 
ducing often a mottled appearance in buildings which adds to the 
picturesque effect. 

32. Frost, or rather the altemate actions of freezing and thaw- 
ing, is the most destnictive agent of Nature with which the en- 
gineer has to contend. Its eflfects vary with the texture of stones ; 
those of a fissile nature usually sphtting, while the more porous 
kinds disintegrate, or exfohate at the sunace. When stone from 
a new quarry is to be tried, the best indication of its resistance to 
frost may be obtained from an examination of any rocks of the 
same kind, within its vicinity, which are known to have been 
exposed for a long period. Submitting the stone fresh from the. 
quarry to the direct action of freezing would seem to be the most 
certain test, were the stone destroyed by the expansive action 
alone of frost : but besides the uncertainty of this test, it is known 
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that some stones, ^ich, wfaen first quarried, are much affected 
by frost, Splitting under its action, become impervious to it alter 
they have lost the moisture of the quarry, as they do not re-absorb 
near so large an amount as they bring from the quarry. 

33. M. Brard, a French chemist, has ^ven a process for as- 
certaining the effects of firost on stone^ which has met with the ap- 
proval of many French architects and engineers of standing, as it 
corresponds with their experience. M. Brard directs that a small 
cubic£u block, about two inches on the edge, shall be carefully 
sawed from the stone to be tested. A cold saturated Solution of 
sulphate of soda is prepared, placed over a fire, and brought to 
the boiling point, Tne stone, suspended from a string, is im- 
mersed in the boiling liquid, and kept there during thiil^ minutes ; 
it is then carefully withdrawn ; the hquid is decanted. free from 
Sediment into a dat vessel, and the stone is suspended orer it in 
a cool cellar. An efflorescence of the salt soon makes its appear- 
ance on the stone, when it must be again dipped into the liquid. 
This should be done once or more frequently during the day, 
and the process be continued in this way for about a week. The 
earthy sediment, found at the end of tms period in the vessel, is 
weighed, and its quantity will give an indication of the like eflfect 
of frost. This process, with the official Statement of a commission 
of engineers and architects, by whom it was tested, is minutely 
detailed in vol. 38, Annales de Chimie et de Physique, and the 
results are such as to commend it to the attention of engineers in 
submitting new stones to trial. 

34. By the absorption of water, stones beconle softer and more 
friable. The materials for road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle. Granite, and its varieties, lime-stone, and com- 
mon sand-stone, do not make good road materials of broken stone. 
All the homblende rocks, porphjnry, compact feldspar, and the 
quartzose rock associated with graywacke, fiimish good, durable 
road coverings. The fine-grained granites which contain but a 
small Proportion of mica, the fine-grained silicious sand-stones 
which are free from clay, and carbonate of lime, form a durable 
material when used in blocks for paving. Mica slate, talcose 
slate, homblende slate, some varieties of gneiss, some varieties 
of sand-stone of a slaty structure, and graywacke slate, yield ex- 
cellent materials for flag-stone. 

35. The influence of locality on the durability of stone is very 
marked. Stone is observed to wear more rapidly in cities than 
in the country ; and the stone in those parts of edifices e]q)osed 
to the prevaifing rains and winds, soonest exhibits signs of decay. 
The disintegration of the stratified stones placed in a wall, is 
mainly aflfected by the position which the strata, or quarry-ied 
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receives, with respect to the exposed suiface ; proceeding faster 
when the faces of the strata are exposed, than in the contrary 
Position. 

36. Stones which resist a high degree of heat without fusinff 
are used for hning fiimaces, and are termed fire-stones. A good 
fire-stone should not only be infusible, but also not liable to crack 
or exfoliate from heat. Stones that contain lime, or magnesia, 
except in the form of siUcates, are usually unsuitable for fire- 
stones. Some porous siUcious lime-stones, as well as some gyp- 
sous siUcious rocks, resist moderate degrees of heat. Stones 
that contain much potash are very fusible under high tempera- 
tures, running into a glassy substance. Quartz and mica, in 
various combinations, fumisn a good fire-stone ; as, for example, 
finely granulär quartz with thin layers of mica, mica slate of the 
same structure, and some kinds of gneiss which contain a large 
Proportion of arenaceous quartz. Several varieties of sand-stone 
make a good lining for fumaces. They are usually those varie- 
ties which are firee firom feldspar, somewhat porous, and are un- 
crystallized in the mass. Taicose slate likewise furnishes a good 
fire-stone. 

37. Ilardness is an essential quality in stone exposed to wear 
from the attrition of hard bodies. Stones selected for paving, flag- 
ging, and Steps for stairs, should be hard, and of a grain sum- 
ciently coarse not to admit of becoming very smooth under the 
action to which they are submitted. As great hardness adds to 
the difficulty of working stone with the chisel, and to the cost of 
the prepared material, builders prefer the softer ox free-sUmeSy 
such as the lime-stones and sand-stones, for most building pur- 
poses. The following are some of the results, on this point, ob- 
tained firom experiment. 

Table showing the result of experiments made under the direc- 
tion ofMr, Walker, on the wear of different stones in the tram- 
way on the Commercial Road, London, from 27th March, 
1830, to 24:th August, 1831, being a period of seventeen 
months, Transactions of Civil Engineers, vol. 1 . 



Name of stone. 


Sap.aMa 
infeet. 


Original weight 


Lossof 

weight by 

wear. 


Louner 
aap. loot. 


Relative 
loeaes. 


Gaernsey . . 
Herme . . > . 
Budle . . . 
Peterhead (blue) . 
Heytor . . . 
Aberdeen (red) 
Dartmoor . . . 
Aberdeen (blue) . 




4.734 
5.250 
6.336 
3.484 
4.313 
5.375 
4.500 
4.823 


cwt. qn. Ibe. 
7 1 12.75 
7 3 24.25 
9 15.75 
4 1 7.50 

6 15.25 

7 2 11.50 
6 2 25.00 
6 2 16.00 


4.50 

5.50 

7.75 

6.25 

8.25 

11.50 

12.50 

14.75 


0.951 
1.048 
1.223 
1.795 
1.915 
2.139 
2.778 
3.058 


1.000 
1.102 
1.286 
1.887 
2.014 
2.249 
2.921 
3.216 
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The Commercial Road stoneway consists of two parallel lines 
of rectangular tramstones, 18 inches wide by 12 inches deep, and 
jointed to each other endwise, for the wheeis to travel on, with a 
common street pavement between for the horses. 

The following table gives the results of some experiments on 
the wear of a fine-grained sand-stone pavement, by M. CorioUs, 
during 8 years, upon the paved road from Paris to Toulouse, the 
carriage over which is aoout 500 tons daily, pubUshed in the 
Annales des Ponts et Chaus6eSy for March and April, 1834. 



Weight of a 
cabic foot. 


Volume of water absorbed by tbe 
dry stone aller one day's im- 
mersion, compared to that of 
the stone. 


Mean aniiiial 
wear. 


158 Ibs. 


Neglected as insensible. 


0.1023 inch. 


164 " 


i( 


0.1063 " 


166 " 


i( 


0.1299 " 


160 " 


A in Yolume. 


0.2126 •* 


148 " 


Ä " 


0.2677 " 



M. Coriolis remarks, that the weiffht of water absorbed affords 
one of the best indications of the durability of the fine-grained 
sand-stones used in France for pavements. An equally good test 
of the relative durability of stones of the same kind, M. Coriolis 
States, is the more or less cleamess of sound given out by striking 
the stone with a hammer. 

The following results are taken from an article by Mr. James 
Frost, Civ, Engineer, inserted in the Journal of the Franklin 
Institute for Oct. 1835, on the resistance of various substances 
to abrasion. The substances were abraded against a piece of 
white statuary marble, which* was taken as a Standard, repre- 
sented by 100, by means of fine emery and sand. The relative 
resistance was caJculated from the weight lost by each substance 
during the Operation. 

Comparative Resistance to Abrasion, 

Aberdeen granite ... . . 980 

Hard Yorkshire paving stone .... 327 

Italian black marble 260 

Kilkenny black marble 110 

Statuary Marble 100 

Old Portland stone 79 

Roman cement stone 69 

Fine-grained NewcasUe grindstone . . .63 

Stock brick 34 

Coarse-grained Newcastle grindstone . . 14 

Bath stone 13 
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LIME. 

38. Lime, ponsidered as a building material, is now usually 
divided into three principal classes ; Common, or Air limey Hy^ 
draulic lim£, and Hydraulic, or Water cemenU 

39. Common, or air lime, is so called because the paste made 
from it with water will harden only in the air. 

40. Hydraulic lime and hydraulic cement both take their name 
from hardening under water. The former differs from the latter 
in two essential points. It slakes thoroughly, Uke common lime, 
when deprived of its carbonic acid, and it does not harden 
promptly under water. Hydraulic cement, on the contrary, does 
not slake, and usually hardens very soon. 

41. Our nomenclature, «vith regard to these substances, is stiU 
quite defective for scientific arrangement. For the lime-stones 
which peld hydrauhc Ume when completely calcined, also give 
an hycfraulic cement when deprived of a portion only of meir 
carbonic acid ; and other üme-stones peld, on calcination, a result 
which can neither be termed lime nor hydrauhc cement, owing 
to its slaking very imperfectly, and not retaining the hardness 
which it quickly takes when nrst placed under water. 

M. Vicat, whose able researches into the properties of hme and 
mortars are so well known, has proposed to apply the term cement 
lime-stones {calcaires ä ciment) to those stones which, when com- 
pletely calcined, yield hydraulic cement, and which under no de- 
gree of calcination, will give hydrauhc lime. For the Ume-stones 
which peld hydrauhc hme when completely calcined, and which, 
when subjected to a degree of heat insufficient to drive off all their 
carbonic acid, peld hydraulic cement, he proposes to retain the 
name hydrauhc lime-stones; and to call the cement obtained 
from their incomplete calcination, under-bumt hydraulic cement, 
{ciments d'incuits,) to distinguish it from that obtained from the 
cement stone. With respect to those lime-stones which, by cal- 
cination, give a result that partakes partly of the properties both 
of limes and cements, he proposes for them the name of dividing 
limeSj {chaux limites,) 

The terms fat and m^eager are also apphed to limes ; owing to 
the düFerence in the quality of the paste obtained from them with 
the same quantity of water. The tat hmes give a paste which is 
unctuous both to the sight and touch. The meager limes jdeld 
a thin paste. These names were of some importance when first 
introduced, as they served to distinguish common from hydrauhc 
lime, the former being always fat, the latter meager ; but, later 
experience having shown that all meager hmes are not hydraulic, 
the terms are no longer of use, except to designate qualities of 
the paste of limes. 
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42. HydrauUc Limes and Cements. The lime-stones which 
yield these substances are either argillaceous, or magnesian^ or 
argüo-^magnesian. The products of their calcination vaiy con- 
siderably in their hydraulic properties. Some of the hydraulic 
hmes harden, or set very slowly under water, while others set rap- 
idly. The hydraulic cements set in a very short time. Tms 
diversity in the hydrauüc energy of the argillaceous lime-stones, 
arises from the variable proportions in which the Urne and clay 
enter into their composition. 

43. M. Petot, a civil engineer in the French service, in an able 
work entitled Recherches sur la ChauffourneriSy gives the foUow- 
ing table, exhibiting these combinations, and the results obtained 
from their calcination. 



Tilme. 
100 


Clay. 



Besalting prodacts. 




Very fat lime. 


Incapable of hardening in water. 
C Slakes like puro nme, when 


90 


10 


Lime a little hydraulic. 


80 


20 


do. qaite hydraulic. 


< properly calcined, and hard- 


70 


30 


do. do. 


f ens under water. 


60 


40 


Plastic, or hydraulic cement. 


C Does not slake under any cir- 


60 


60 


do. 


< cumetances, and hardens un- 


40 


60 


do. 


f der water with rapidity. 


30 


70 


Calcareous puzzolano (brick). 


i Does not slake nor harden un- 


30 


80 


do. do. 


< der water, unless mixed with 


10 


90 


do. do. 


i a fat, or an hydraulic lime. 





100 


Puzzolano of pure clay do. 


Same as the preceding. 



44. The most celebrated European hydraulic cements are ob- 
tained from argillaceous lime-stones, which vary but slightly in 
their constituent Clements and properties. The following table 
gives the results of analyses to determine the relative proportions 
Ti lime and clay in these cements. 

Table of Foreign Hydraulic Cements^ showing the relative pro- 
portions of Clay and Lime contained in them. 



LOCAUTT. 


Lime. 


Clay. 


English, (commonly known as Parketts, or Rom 
French, {madefrom Boulogne pebbles) 

Do. (Pouäly) 

Do. do. ..... 

Do. (Baye) 

Russian 


\an cement) 


66.40 
64.00 
43.86 
36.37 
31.63 
63.00 


44.60 
46.00 
67.14 
63.63 
78.38 
38.00 



The hydraulic cements used in England are obtained from 
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Tarious localities, and differ but litde in the relative proportions 
of lime and clay found in them. Parker's cement, so called firom 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodules 
is the same as that of the Boulogne peholes found on the opposite 
coast of France. The stones which fumish the English and 
French hydrauhc cements, contain but a very small amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The following 
analyses of some of the hydraulic lime-stones, irom the most 
noted localitieS) published in the Geological Report of the State 
of New York, 1839, are given by Dr. Seck. 



Analysis of the Manlius Hydraulic Lime-stone. 

Carbonic acid 39.80 

Lime 36.34 

Magnesia 18.80 

Silica and alumina . . . .13.50 

Oxide of iron 1.35 

Moisture and loss .1.41 

100.00 



This stone belongs to the same bed which yields the hydraulic 
cement obtained near Kingston, in Upper Canada. 



Analysis of the Chittenango Hydraulic Lime-stone, hefore and 

after calcination. 







Unburnt. 


Carbonic acid and moisture 

Lime 

Magnesia .... 
Silica . . . • 
Alumina and oxide of iron 


Bnrnt 


Carbonic acid . 

Lime 

Magnesia 

Silica 

Alumina 
Peroxide of iron 
Moisture 




39.33 

35.00 

17.83 

11.76 

3.73 

1.50 

1.50 


10.90 
39.50 
33.37 
16.56 
10.77 


100.00 






100.00 


~ 
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Analysis of the Hydraulic Lime-stone from Ulster Co,, along 
the line qf the Delaware and Hudson Canal, before and after 
buming. 



• 




Untramt 


Bunt 


Carbonic acid 

Lime 

Magnesia 

Silica 

Alumina 

Oxide of iron 

Bituminous matter, moisture, and loss 


• • . • 


34.20 

25.50 

12.35 

16.37 

9.13 

2.25 

1.20 


5 

37.60 
16.65 
22.75 
13.40 
3.30 
1.30 






100.00 


100.00 



The hydraulic cement from this last locality has become gen- 
erally well knöwn, having been successfully used for most of the 
luilitary and civil public works on the sea-boaid. 

From the results of the analyses of all the above limestones, it 
appears that the proportions of hme and clay contained in them 
place them under the head of hydraulic cements, aecording to the 
Classification of M. Petot. They do not slake, and they all set 
rapidly under water. 

46. The discovery of the hydraulic properties of certain mag- 
nesian hme-stdnes is of recent dato, and is due to M. Yicat, who 
first drew attention to the subject. M. Yicat inclines to the 
opinion, that magnesia alone, without the presence of some clay, 
wiU yield only a feeble hydraulic lime. He states, that he has 
never been able to obtain any other, from proceeding synthetically 
with common lime and magnesia ; and that he knows of no well- 
authenticated instance in which any of the dolomites, either of 
the primitive or transition formations, have yielded a good hydrau- 
lic lime. The stones from these formations, he states, are devoid 
of clay ; being very pure crystalline carbonates, or eise contain 
silex only in the State of fine sand. From M. Vicat's experi- 
ments, it is rendered certain that carbonate of magnesia in combi- 
nation with carbonate of lime, in the proportion of 40 parts of the 
latter to from 30 to 40 of the former, will produce a feebly hy- 
draulic hme, which does not appear to increase in hardness after 
it has once set ; but that with the same proportions, some hun- 
dredths of clay are requisite to give hydrauUc energy to the com- 
poimd. This proportion of clay M. Vicat supposes may cause 
the formation oi tnple hydro-süicates of lime, alumina, and mag- 
nesia, having all the characteristic properties of good hydraulic 
L'me. 

47. The hydraulic properties of the magnesian lime-stones of 

3 
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the United States were noticed by Professor W. B. Rogers, who, 
in his Report of ihe Geohgical Survey of Virginia^ 1838, has 

Even the following analyses of some of the stones from different 
calities. 



Carbonate of lime .... 
Carbonate of magnesia . 
Alamina and oxide of iron 
Silica and insoluble matter 

Water 

L08S 


No. 1. 


NO.S. 


No.3. 


No.4. 


55.80 
39.30 
1.50 
3.50 
0.40 
0.60 


53.33 
41.00 
0.80 
8.80 
0.40 
1.77 


48.30 

35.76 

1.30 

13.10 

3.73 

O.Ol 


55.03 

34.16 

3.60 

15.30 

1.30 

1.71 


100.00 


100.00 


100.00 


100.00 



The lime-stone No. 1 of the above table is from Sheppardstown 
on the Potomac, in Virginia ; it is extensiyely manuractured for 
hydraulic cement. No. 2 is from the Natural Bridge, and banks 
Ol Cedar Creek, Viimnia ; it makes a good hydraulic cement. 
No. 3 is from New York, and is extensiyely bumt for cement. 
No. 4 is from Louisville, Kentucky; said to make a good cement. 

48. M. Vicat states, that a magnesian lime-stone of France 
containing the following constituents, lime 40 parts, magnesia 21, 
and silica 21, yields a good hydraulic cement ; and he gives the 
following analysis of a stone which gives a good hydraulic lime. 

Carbonate of lime .... 50.60 
Carbonate of magnesia .43.00 

Silica 5.00 

Alamina 3.00 

Oxide of iron 0.40 



100.00 



By comparin^ the constituents of these two last stones with the 
analyses of the cement-stones of New York, and the magnesian 
hydraulic lime-stones of Prof. Rogers, it will be seen that they 
consist, respectively, of nearly the same combinations of lime, 
magnesia, and silica. 

49. Physical Characters and Tests of Hydraulic Ltme-sfones. 
The simple extemal characters of a lime-stone, as color, texture, 
fracture; and taste, are insufficient to enable a person to decide 
whether it belongs to the hydraulic class ; although they assist 
conjecture, particularly if the rock, from which the specimen is 
taken, is found in coimection with the clay deposites, or if it be- 
long to a Stratum whose general level ana characteristics are the 
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8ame as the argilo-magnesian rocks. These rocks are generally 
8ome shade of drab, or of gray, or of a dark grayish blue ; have 
a compact texture ; firacture eyen or conchoidal ; with a clayey or 
earthy smell and taste. Although the hydraulic hme-stones are 
usuauy colored, still it may happen that the stone may be of a pure 
white/ arising from the combination of lime with a pure clay. 

The difficulty of pronouncing upon the class to which a lime* 
stone belongs, from its physical properties alone, renders it neces- 
sary to resort to a chemical analysis, and eyen to direct experiment, 
to decide the question. 

50. In makinff a complete chemical analysis of alime-stone, more 
skill in chemicd manipulations is requisite than engineers usually 

!)ossess ; but a person who has the ordinary elementaij know- 
edge of chemistry, can readily ascertain the quantity oi clay or 
of magnesia contained in a lime-stone, and firom these two ele* 
ments can pronounce, with tolerable certainty, upon its hydraulic 
properties. To arriye at this conclusion, a small portion of the 
stone to be tested — ^about fiye drachms — ^is taken and reduced to 
a powder ; this is placed in a capsule, or an ordinary watch 
crystal, and slightly diluted muriatic acid is poured oyer it until 
it ceases to efferyesce. The capsule is then gently heated, and 
the hquor eyaporated, until the residue in the capsule has acquired 
the consistence of thin paste. This paste is thrown into a pint 
of pure water and well shaken up, and the mixture is then fil- 
tered. The residue left on the filtering paper is thoroughly dried, 
by bringing it to a red heat ; this being weighed will giye the 
Clay, or insoluble matter, contained in the stone. It is important 
to ascertain the State of mechanical diyision of the insoluble mat* 
ter thus obtained ; for if it be wholly granulär, the stone will not 
yield hydraulic lime. The granulär portion must thereforb be 
carefully separated firom the other before the latter is dried and 
weighed. 

51. If the sample tested contains magnesia, an indication of 
this will be given by the slowness with which die acid acts ; if 
the quantity of magnesia be but httle, the Solution will at first 
proceed rapidly and then become more sluggish. To ascertain 
the quantity of magnesia, clear lime-water must be added to the 
filteied somtion as long as any precipitate is formed, and this 
precipitate must be quickly gathered on filtering paper, and then 
De washed with pure water. The residue firom this washing is 
the magnesia. It must be thoroughly dried before being weighed, 
to ascertain its proportion to the clay. 

52. Haying ascertained, by the preceding analysis, the proba- 
ble hydrauUc energy of the stone, a sample of it should also be 
submitted to direct experiment. This may be likewise done on 
a small scale. A sample of the stone must be reduced to firag- 
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ments about the size of a walnut. A cnicible, perforated witli 
holes for the free admission of air, is filled with these fraements, 
and placed over a fire sufficiently powerful to drive off the car- 
bonic acid of the stone. The time for eflfecting this will depend 
on the intensity of the heat. When the heat has been applied 
for three or four hours, a small portion of the calcined stone may 
be tried with an acid, and the degree of the calcination may be 
judged of by the more or less copiousness of the effervescence 
that ensues. If no effervescence takes place, the Operation may 
be considered completed. The calcined stone should be tried 
soon after it has become cold ; otherwise, it should be kept in 
a glass jar made as air*tight as practicable until used. 

53. When the calcined stone is to be tried, it is first slaked 
by placing it in a small basket, which is immersed for fiye or six 
seconds in pure water. ThcvStone is emptied from the basket so 
soon as die water has drained off, and is allowed to stand mitil 
the slaking is terminated. This process will proceed more or 
less rapidly, according to the quality of the stone, and the degree 
of its calcination. In some cases, it will be completed in a few 
minutes ; in others, portions only of the stone will fall to powder, 
the rest crumbling into Imnps wnich slake very sluggishly ; while 
other varieties, as the true cement stones, give no evidence of slak- 
ing. If the stone slakes either completely or partially, it must be 
conyerted into a paste of the consistence ot soft putty, being gromid 
up thoroughly, if necessary, in an iron mortar. The paste is 
made into a cake, and placed on the bottom of an ordinary tum- 
bler, care being taken to make the diameter of the cake the same 
as that of the tumbler, which is filled with water, and the time of 
immersion noted. If the lime is only moderately hydraulic, it 
will have become hard enough at the end of fifteen or twenty 
days, to resist the pressure of the finger, and will continue to 
harden slowly, more particularly from the sixth or eighth month 
after immersion ; and at the end of a year it will have acquired 
the consistency of hard soap, and will dissolve slowly in pure 
water. A fair hydraulic lime will have hardened so as to resist 
the pressure of tne finger, in about six or eight days after immer- 
sion, and will continue to grow harder until from six to twelve 
months after immersion ; it will then have acquired the hardness 
of the softest calcjireous stones, and will be no longer soluble in 
pure water. When the stone is eminently hydraulic, it will have 
become hard in from two to four days after immersion, and in one 
month it will be quite hard and insoluble in pure water ; after six 
moinths, its hardness will be about equal to the more absorbent 
calcareous stones ; will splinter from a blow, presenting a slaty 
fracture. 

As Üie hydraulic cements do not slake perceptibly, the bumt 
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stone must first be reduced to a fine powder before it is made 
into a paste. The paste, when kneaded between the fingers, be- 
comes warm, and will generally set in a few minutes, either in the 
open air or in water. HydrauUc cement is far more sparingly 
soluble in pure water than the hydraulic lime ; and the action of 
pure water upon them ceases, apparently, after a few weeks im- 
mersion in it. 

54. Calcination of Lime-stone. The effect of heat on lime- 
stones 'varies with the constituent elements of the stone. The 
pure lime-stones will stand a high degree of temperature with- 
out fusing, losing only their carbonic acid and water. The im- 
pure stones containing silica fuse completely under a great heat, 
and become more or less vitrified when the temperature much ex- 
ceeds a red heat. The action of heat on the impure lime-stones, 
besides driving off their carbonic acid and water, modifies the re- 
lations of their other chemical constituents. The argillaceous 
stones, for example, )rield an insoluble precipitate when acted on 
by an acid before calcination, but are perfectly soluble afterwards, 
unless the silex they contain happens to be in the form of grains. 

55. The calcination of the hydraulic lime-stones, from their 
fusible nature, requires to be conducted with great care ; for, if 
not pushed far enough, the under-bumt portions will not slake ; 
and, if carried too far, the stone becomes aead or sluggish ; slakes 
very slowly and imperfectly at first ; and, if used in this State for 
masonry, may do injury by the swelhng which accompanies the 
after-slaking. 

56. The more or less facility with which the impure lime-stones 
can be bumed, depends upon several causes ; as the compactness 
of the stone ; the size of the firagments submitted to heat ; and 
the presence of a current of air, or of aqueous vapor. The more 
compact stones yield their carbonic acid less readily than those 
of an opposite texture. Stones which, when broken into very 
small lumps, can be calcined under the red heat of an ordinary 
fire in a few hours, will require a far greater degree of tempera- 
ture, and for a much longer period, when broken into firagments 
of Bix or eight indies in diameter. This is particularly the case 
with the impure lime-stones, which, when in large lumps, vitrify 
at the surface before the interior is thoroughly bumt. 

57. If a current of vapor is passed over the stone after it has 
commenced to give off its carbonic acid, the remaining portion of 
the gas which, under ordinary circiunstances, is expelled with 
great difliculty, particularly near the end of the process of calci- 
nation, will be carried off much sooner. This influence of an 
aqueous current is attributed, by M. Gay-Lussac, purely to a 
mechanical action, by removing the gas as it is evolved, and his 
experiments go to show that a Uke effect is produced by an at- 
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mospheric curreat. In buming the impnre lime-Btones, howerer, 
an aqueous cuirent produces tne farther beneficial effect of pre< 
venting the vitrification of ihe stone, when the temperatuie has 
become too elevated ; but as the vapor, on coming in contact 
with the heated stone, carries off a laree poitlon of the heat, this, 
together with the latent heat contained in it, may render its use, 
in some cases, far from economical. 

58. Wood, charcoal, peat, the bituminous and anthracite coals 
are used for fuel in lime-bumine. M. Yicat statee, that wood is 
the best üiel for buming hydrauiic lime-atones ; that charcoal is 
inferior to bituminous coal ; and that the resulta firom this last are 
very uncertain. When wodd is used, it should be diy and split 
up, to bum quickly and gire a clear blaze. The common opinjon 
among time-bumers, that the greener the fuel the better, and that 
the lime-stone should be watered before it is placed in the kiln, is 
wxong ; as a large portion of the heat is consumcd in conTerting 
the water in both cases into vapor. Coal is a more economical 
fuel than wood, and is therefore generally preferred to it ; but it 
tequires particular care in ascertaining the proper quantity for use. . 

59. Lvme-küns. Great diversity is met with in the forma and 
proportions of lime-kilns. Wherever attention has been paid to 
economy in fuel, the cylindrical, ovoidal, or the inverted conical 
form has been adopted. The two firat being preferred for wood, 
and the last for coal. 

60. The whole of the bumt lime is eithei drawn from Üie kiln 
at once, or eise the buming is so regulated, that fresh stone and 
fuel are added as the calcined portions are withdrawn. The lat- 
ter method is usually followed when the fuel used is coal. The 
stone and coal, broken into proper sizes, (Fig. 1,) and in prqHir- . 

Flg. 1 lepreseufB a vettical Mction throoRh tbe aiu utd cmtn lino« 
of the entnuic» commuoicatmg with the iolerior of a kiln tbl 
bummg liitkfl with coal. 

A, Bolld aaaoarj ot the tdln, which ii boOt op m the •xteiioi liks • 
Bmiare tower, with two arched entiancw at B, B on «vpoaits 

C, inlerka of the kiln, Uned with fln-biick w gtone. 

D.mti-pit. 

c,e, oprainigibetweeaB,BBiidäie interiorthnxi^wbiohthsbiinit 



tions determined by experiment, are placed in the kiln in altemate 
layers ; the coal is ignited at the bottom of the kiln, and fresh 
strata are added at the top, aa the bumt mass settles down and is 
partially withdrawn at the bottom. Kilns uaed in this way are 
called perpetual kilns ; they are more economical in the con- 
sumption of fuel than those in which the buming is intermitted, 
and which are, on this accDunt» termed intermütent kilns. Wood 
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may also be used as fiiel in perpetual kilns, but not with such 
economy as coal ; it moreoyer presents many inconveniences, in 
supplying the kiln with fresh stone, and in regulating its dis- 
charge. The inverted conical-shaped kihi is generally adopted 
for coal, and the ovoidal-shaped for wood. 

61. Some care is requisite in filling the kiln with stone when a 
wood fire is used. A dorne (Fig. 2) is formed of the largest blocks 
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of the broken stone, which either rests on the bottom of the kiln or 
on the ash-grate. The lower diameter of the dorne is a few feet 
less than that of the kiln ; and its interior is made sufficiently capa- 
cious to receiye the fuel which, cut into short lengths, is plaoed 
up endwise around the dorne. The stone is placed over and 
around the courses which form the dorne, the largest blocks in 
the centre of the kiln. The management of the fire is a matter 
of experiment. For the first eight or ten hours it should be care- 
fully regulated, in Order to bring the stone gradually to a red heat. 
By appTying a high heat at first, or by any sudden increase of it 
until tne mass has reached a nearly imiform temperature, the 
stone is apt to shiyer, and choke the kiln, by stopping the voids 
between tne courses of stone which form the dorne. After the 
stone is brought to a red heat, the supply of fuel should be uni- 
form until the end of the calcination. The practice sometimes 
adopted, of abating the fire towards the end, is bad, as the last 
portions of carbonic acid retained by the stone, require a high de- 
gree of heat for their expulsion. The indications of complete 
calcination are generally manifested by the dimihution which 
gradually takes place in the mass, and which, at this stage, is 
about one sixth of the primitive volume ; by the broken appear- 
ance of the stone which forms the dome, the interstices between 
which being also choked up by fragments of the bumt stone ; and 
by the ease with which an iron bar may be forced down through 
the bumt stone in the kiln. When t];iese indications of complete 
calcination are observed, the kiln should be closed for ten or 
twelve hours, to confine the heat and finish the buming of the Up- 
per strata. 

62. The form and relative dimensions of a kifai for wood can 
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be determined only by careful experiment. If too great height 
be giYen to the mass, the lower portions may be overbamed be*" 
fore the upper are bumed enough. The proportions between the 
height ana mean horizontal section, wiU depend on the texture of 
the stone ; the size of the fragments into which it is broken for 
buming ; and the more or less facility with which it yitrifies. In 
the memoir of M. Petot, already citCKl, it is stated as the results 
of experiments made at Brest, that large-sized kilns are more 
economical, both in the consumption of fuel and in the cost of 
attendance, than smaU ones ; but that there is no notable econo- 
my in fuel when the mean horizontal section of the kiln exceeds 
sixty Square feet. 

63. The circular seems the most suitable form for the horizon- 
tal sections of a kiln, both for strength and for economizing the 
heat. Were the section the same throughout, or the form of the 
interior of the kiln cylindrical, the strata of stone, above a certain 
point, would be very imperfectly bumed when the lower were 
enough so, owing to the rapidity with which the inflamed gases, 
arisin^ irom the combustion, are cooled by Coming into contact 
with tne stone. To procure, therefore, a temperature throughout 
th^ heated mass which shall be nearly uniform, the horizontal sec- 
tions of the kiln should gradually decrease from the point where 
the flame rises, which is near the top of the dome of broken stone, 
to the top of the kiln. This contraction of the horizontal section, 
from the bottom upward, should not be made too rapidly, as the 
draft would be injured, and the capacity of the kiln too much 
diminished ; and in no case should the area of the top opening be 
less than about one fourth the area of the section taken near the 
top of the dome. The best manner of arranging the sides of the 
kiln, in the plane of the longitudinal section, is to connect the top 
opening with the horizontal section throuffh the top of the dome, 
by an are of a circle whose tangent at me lower point shall be 
vertical. 

64. Lime-kilns are constructed either of brick, or of some of 
the more refractory stones. The walls of the kiln should be suf- 
ficiently thick to confine the heat, and, when the locality admits 
of it, they are built into a side hill ; otherwise, it may be neces- 
sary to use iron hoops, and vertical bars of iron, to strengthen the 
brick-work. The interior of the kiln should be faced either with 
good fire-brick or with fire-stone. 

65. M. Petot prefers kilns arranged with fire-grates, and an 
ash-pit under the dome of broken stone, for the reason that they 
give the means of better regulating the heat, and of throwing the 
flame more in the axis of the kiln than can be done in kilns with- 
out them. The action of the flame is thus more uniformly feit 
through the mass of stone above the top of the dome, wlüle that 
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of the radiated heat upon the stone around the dome^ is also more 
uniform. 

66. M. Petot States, that the height of themass of slone above 
the top of the dorne should not be greater than firom ten to thir- 
teen feet, depending on the more or less compact textuxe of the 
stone, and the more or less ease with which it vitrifies. He pro- 
poses to use kihis with two stories, (Fig. 3,) for the purpose 




Fig. 3 represents a yeitical section 
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of economizing the fuel, by using the heat which passes off from 
the top of the lower story, and would otherwise be lost, to heat 
the stone in the upper story ; this story being arranged with a 
side-door, to introduce fuel under its dorne of broken stone, and 
complete the calcination when that of the stone in the lower 
story is finished. 

M. Petot gives the foUowing general directions for regulating 
the relative diniensions of the parts of the kiln. The greatest 
horizontal section of the kiln is placed rather below the top of the 
dorne of broken stone ; the diameter of this section being 1.82, the 
diameter of the grate. The height of the dome above the grate 
is from 3 to 6 feet, according to the (Jliantity of fuel to be oon- 
sumed hourly. The bottom of the kiln, on which the piers of the 
dome rest, is from 4 to 6 inches above the top of the grate ; the 
diameter of the kiln at this point being about 2 feet 9 inches 
greater than that of the grate. The diameter of the horizontal 
section at top is 0.63, the diameter of the greatest horizontal sec- 
tion. The horizontal sections of the kiln diminish froih the section 
near the top of the dome to the top and bottom of the kiln ; the 
sides of the kiln receiving the form shovm in Fig. 3 : the object 
of contracting the kiln towards the bottom being to allow the stone 
near the bottom of the kiln to be thoroughly bumed by the radiated 
heat. The grate is formed of cast-iron bars of the usual form ; 

4 
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the area of the Spaces between the bars being one fourth the total 
area of the grate. The bottom of the ash-pit, which may be on 
the same leyel as the exterior ground, is placed 18 inches below 
die grate ; and at the entrance to the ash-pit is placed a reservoir 
for water, about 18 inches in depth, to fumish an aqueous cur* 
rent. The draft through the grate is reffulated by a lateral air- 
channel to the ash-pit, which can be totaiSty or partially shut by a 
yalve ; the area of the cross section of this Channel is one tenth 
the total area of the grate. A Square opening 16 inches wide, 
the bottom of which is on a leyel with the bottom of the kihi, 
leads to the dorne for the supply of the fiieL This opening is 
closed with a fire-proof and air-tight door. 

In arranging a kihi with two stories, M. Petot states, that the 
grates of the upper story are so soon destroyed by the heat, that 
it is better to suppress them, and to place the fuel for completing 
the calcination of the stone of this story, on the top of the bumt 
stone of the lower story. 

67. Sldking Lime, Quick-lime may be slaked in three dif- 
ferent ways. By pouring sufficient water on the bumt stone to 
conyert the slaked lime into a thin paste, which is termed drown- 
ing the lime. By placing the bumt stone in a basket, and im- 
mersing it for a few seconds in water, during which time it wiU 
imbibe enouffh water to cause it to fall, by slaking, into a dry 
powder ; or by sprinkling the bumt stone with a sudScient quan- 
tity of water to produce the same effect. By allowing the stone 
to slake spontaneously, from the moisture it imbibes from the 
atmosphere, which is termed air-sldking, 

68> Opinion seems to be settled among engineers, that drown- 
ing is the worst method of slaking lime which is to be used for 
mortars. When properly done, howeyer, it produces a finer paste 
than either of the other methods ; and it may therefore be resorted 
to wheneyer a paste of this character, or a whitewash is wanted. 
Some care, howeyer, is requisite to produce this result. The 
stone should be fresh from the kiln, otherwise it is apt to slake 
into lumps or fine grit. All the water used should be poured 
oyer the stone at once, which should be arranged in a basin or 
yessel, so that the water surrounding it may be gradually imbibed 
as the slaking proceeds. If fresh water be added during the slak- 
ing, it checks the process, and causes a gritty paste to form. 

69. In slaking oy inmiersion, or by sprinkling with water, the 
stone should be reduced to small-sized fragments, otherwise the 
slaking will not proceed uniformly. The fat limes should be in 
lumps, about the size of a walnut, for immersion ; and, when 
withdrawn from the water, should be placed immediately in bins, 
or be coyered with sand, to confine the heat and yapor. If left 
ei^osed to the air, the lime becomes chilled and separates into a 
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coarse grit, which takes some time to slake thorougMy when 
more water is added. Sprinkling the lime is a more convenienl 
process than immersion, and is equally good. To effect the slak- 
mg in this way, the stone should be broken into fragments of a 
suitable size, which experiment will detennine, and be placed in 
small heaps, surrounded by sufficient sand to cover them up when 
the slakii^ is nearly completed. The stone is then sprinkled 
with about one fourtn its bulk of water, poured through the rose 
of a watering-pot, those lumps which seem to slake most slug- 
gishly receiving die most water ; when the process seems cotei- 
pleted, the heap is careiiilly covered over with the sand, and 
allowed to remain a day or two before it is used. 

70. Slakingeitherby immersion orby sprinkling isconsidered 
the best. The quahtity of water imbibed by lime when slaked 
by immersion, varies with the nature of the lime ; 100 parts of 
fat lime will take up only 18 parts of water ; and the same quan- 
tity of meager lime will imbibe firom 20 to 35 parts. One voIume, 
in powder, of the bumt stone of rieh lime yields from 1.50 to 
1.70 in volume of powder of slaked lime; while one volume 
of meager lime, mider like circumstances, will yield firom 1.80 to 
2.18 in volume of slaked lime. 

71. Quick lime, when exposed to the free action of the air in 
a diy locality, slakes slowly, by imbibing moisture from the at- 
mosphere, with a slight disengagement of heat. Opinion seems 
to be diyided with regaid to the effect of this method of slaking 
on fat limes. Some assert, that the mortar made from them is 
better than that obtained from any other process, and attribute 
this result to the re-conversion of a portion of the slaked lime into 
a carbonate ; others State the reyerse to obtain, and assign the 
same cause for it. With regard to hydraulic limes, all agree that 
they are greatly iniured by air-slaking. 

72. Air-slaked lat hmes increase two fifths in weicht, and for 
one Tolume of quick lime^ yield 3.52 Tolumes of slaked lime. The 
meager limes increase one eighth in weicht, and for one volume 
of quick lime 3rield from 1.75 to 2.25 voTumes of slaked lime. 

73. The dry hydrates of lime, when exposed to the atmosphere, 
gradually absorb carbonic acid and water. This process pro- 
ceeds very slowly, and the slaked lime never regains all the car- 
bonic acid which is driven off by the calcination of the limenstone. 
When converted into a thick paste, and exposed to the air, the 
hydrates gradually absorb carbonic acid ; this action first takes 
place on the surface, and proceeds more slowly from year to 
year towards the interior of the exposed mass. The absorption 
of gas proceeds more rapidly in the meager than in the fat lunes. 
Those nydrates which are most thoroughly slaked become hard- 
est. The hydrates of the pure fat limes become in time very 



28 BUILDING MATERIALS. 

haid, while those of the hydraulic limes beoome only moderately 
hard. 

74. The fat limes, when slaked by drowning, may be pre« 
served for a long period in the State of paste, ifplaced in a damp 
Situation and kept from contact with the air. They may also be 
preserved for a long time without change, when slaked by im- 
mersion to a dry powder, if placed in covered vessels. Hydraulic 
limes, under similar circumstances, will harden if kept in the State 
of paste, and will deteriorate when in powder, imless kept in 
penectly air-tight yessels. 

75. The hydrates of fat lime, firom air-slaking or immersion, 
require a smaller quantity of water to reduce them to the' State of 
paste than the others ; but, when immersed in water, they grad- 
ually imbibe their füll dose of water, the paste becoming thicker, 
but remaining unchanged in volume. Exposed in this way, the 
water will in time dissolve out all the lime of the hydrate which 
has not been re-conyerted into a sub-carbonate, by the absorption 
of carbonic acid before immersion ; and if the water contain car- 
bonic acid, it will also dissolve the carbonated portions. 

76. The hydrates of hydraulic lime, when immersed in water 
in the State of thin pastes, reject a portion of the water from the 
paste, and become hard in time ; ii the paste be very stiff, they 
imbibe more water, set quickly, and acquire greater Wdness in 
time thkn the soft pastes. The pastes of the hydrates of hydrau- 
lic lime, which have hardened in the air, will retain their haxdness 
when piaced in water. 

77. The pastes of the fat limes shrink yery unequally in drying, 
and the shnnkage increases with the purity of the lime ; on this 
account it is difficult to apply them alone to any building purposes, 
except in very thin layers. The pastes of die hydrauhc limes 
can only be used with advantage under water, or where they are 
constantly exposed to humidity ; and in diese situations they are 
never used alone, as they are found to, succeed as well, and to 
present more economy, when mixed with a portion of sand. 

78. Manner of Reaucing Hydraulic Cement, As the cement 
stones will not slake, they must be reduced to a fine powder by 
some mechanical process, before they can be converted into a 
hydrate. The methods usually emjdoyed for this purpose con- 
sist in first breaking the bumt stone into small fragments, either 
under iron cylinders, or in mills suitably formed for this pur- 
pose, which are next ground between a pair of stones, or eise 
crushed by an iron roller. The coarser particles are separated 
from the fine powder by the ordinary processes with sieves. The 
powder is then carefrilly packed in air-tight casks, and kept for use. 

79. Hydraulic cement, like hydraulic lime, deteriorates by 
exposure lo the air, and may in time lose all its hydraulic prop- 
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erties. On this account it should be used when fresh from the 
kiln ; for, however carefaUy packed, it cannot be well preserved 
when transported to any distance. 

80. The deterioration of hydraulic cements, from exposure to 
the air, arises, probably, from a chemical disunion between the 
constituent elements of the bumt stone, occasioned by the ab- 
sorption of water and carbonic acid. When injured, their energy 
can be restored by submitting them to a much slighter degree of 
heat than that wmch is requisite to calcine the stone suitably in 
the first instance. From the experiments of M. Petot, it appears 
that a red heat, kept up for a short period, is sufficient to restore 
damaged hydrauUc cements. 

81. Artificial Hydraulic Limes and Cements, The discovery 
of the argillaceous character of the stones which yield hydrauhc 
limes and cements, connected with the fact that brick reduced to 
a fine powder, as well as several substances of volcanic origin 
having nearly the same constituent elements as ordinary brick, 
when mixed in suitable proportions with common lime, will yield 
a paste that hardens under water, has led, within a recent period, 
to artificial methods of producing Compounds possessing the prop- 
erties of natural hydraulic lime-stones. 

82. M. Vicat was the first to point out the method of forming 
an artificial hydraulic lime, by mixing common Ume and unbumt 
clay, in suitable proportions, and then calcining them. The ex- 
periments of M. Vicat have been repeated by several eminent 
engineers with complete success, and among others by General 
Pasley, who, in a recent work by him, Ohservations on LimeSy 
CcUcareous Cements, &c., has given, with minute detail, the results 
of his emeriments ; from which it appears that an hydraulic ce- 
ment, friUy equal in quality to that obtained from natural stones, 
can be made by mixing common lime, either in the State of a 
carbonate or of a hydrate, with clay, and subjecting the mixture 
to a suitable degree of heat. In some parts of Irance, where 
chalk is found abundantly, the prepaitition of artificial hydrauUc 
lime has become a brauen of manufacture. 

83. DifFerent methods have been pursued in preparing this 
material, the main object being to secure the finest mechanical 
division of the two ingredients, and their thorough mixture. For 
this purpose the lime-stone, if soft like chalk or tufa, may be re- 
duced in a wash-mill, or a rolling-mill, to the State of a soft pulp ; 
it is then incorporated with the clay, by passing them ihrough a 
pug-mill. The mixture is .next moulded into small blocks, or 
made up into balls between 2 and 3 inches diameter, by band, 
and well dried. The balls are placed in a kiln, — suitably calcined, 
and are finally slaked, or ground down fine for use. 

84. K the lime-stone be hard, it must be calcined and slaked 
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in the usual manner, before it can be mixed yrith the clay. The 
process for mixing the ingredients, their calcination, and farther 
preparation for use, are the same as in the preceding case. 

85. Artificial hydraulic lime, prepared firom the haid Ume- 
stonesy is more e^^ensiye than that made from the soft ; but it is 
stated to be supenor in quality to the latter. 

86. As clays are seldom free firom carbonate of lime, and as 
the lime-stones which yield common or fat Ume may contain some 
portion of clay, the proper proportions of the two ingredients, to 

Eroduce either an hydraulic lime or a cement, must be determined 
y experiment in each case, guided by a preyious analysis of the 
two ingredients to be tried. 

If the lime be pure, and the clay be firee fi*om lime, then the 
combinations in the proportions given in the table of M. Petot will 
give, by calcination, like results with the same proportions when 
found naturaUy combined. 

87. Puzzotanay &c. The practice of using brick or tile-dust, 
or a volcanic substance known by the name of puzzolana, mixed 
with common lime, to form an hydraulic lime, was known to the 
Rollos, by whom mortars composed of these materials were 
extensively used in their hydrauhc constructions. This practice 
has been more or less foUowed by modern engineers, who, until 
within a few years, either used the puzzolana of Italy, where it 
is obtained near Mount Yesuvius, in a pulverulent State, or a ma- 
terial termed Trass, manufactured in Holland, by grinding to a fibde 
powder a volcanic stone obtained near Andernach on the Rhine. 

E^roeriments by seyeral eminent chemists have extended the 
list Ol natural substances which, when properly bumt and reduced 
to powder, have the same properties as puzzolana. They mostly 
belong to the feldspathic and schistose rocks, and are either fine 
sand, or clays more or less indurated. 

Thefollowing Table gives the results of analyses of Puzzolana^ 
TrasSy a Basalt^ and a Schistusy whichy when bumt andpow^ 
dered, toere found topossess the properties of puzzolana. 
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88. All of these substances, when prepared artificially, are now 
ffenerally known by the name of arttficial puzzolanaSf in contra- 
distinction to those which occur natimdly. 

89. General Treussart, of the French Corps of Military Engi- 
neers, first attempted a systematic investigation of the properties 
of artüicial puzzolanas made from ordinary clay^ and of the best 
maimerofpreparingthem OD alarge Scale. It appears from the 
results of his experiments, that the plastic clays used for tiles, or 
pottery, which are unctuous to the touch, the alumina in them 
oeing in the proportion of one fifth to one third of 'the silica, fur- 
nish the best artificial puzzolanas. when suitably bumed. The 
clays which are more meager, and harsher to the touch, yield an 
inferior article, but are in some cases preferable, from the greater 
ease with which they can be reduced to a powder. 

90. As the clays mostly contain Urne, magnesia, some of the 
metallic oxides, and alkaline salts, General Treussart endeavored 
to ascertain the influence of these substances upon the qualities of 
the artificial puzzolanas from clays in which they are found. He 
States, that the carbonate of potash and the muriate of soda seem 
to act beneficially ; that magnesia seems to be passive, as well 
as the oxide of iron, except when the latter is found in a large 
proportion, when it acts hurtfiilly ; and that the lime has a mate«- 
rial influence on the degree of heat required to convert the clay 
into a good artificial puzzolana. 

91. The management of the heat, in the preparation of this 
material, seems of the first consequence ; and General Treussart 
recommends that direct experiment be resorted to, as the most 
certain means of ascertaining the proper point. For this purpose, 
specimens of the clay to be tried may be kneaded into balls äs 
large as an egg, and tne balls, when diy, be submitted to dififerent 
degrees of heat in a kiln, or fumace, tnrough which a current of 
air must pass over the balls, as this last circumstance is essential 
to secure a material possessing the best hydraulic quaUties. Some 
of the balls are withdrawn as soon as their color indicates that 
they are underbumt ; ol^ers when they have the appearance of 
well-bumt brick ; and others when their color shows that they 
are overbumt, but before they become vitrified. The bumt balfe 
are reduced to an impalpable powder, and this is mixed with a 
hydrate of fat lime, in the proportion of two parts of the powder 
to one of lime in paste. Water is added, if necessary, to bring 
the dififerent mixtures to the consistence of a thick pulp; and they 
are separately placed in glass yessels, covered with water, and 
allowed to remain until they harden. The Compound which 
hardens most promptly will indicate the most suitable degree of 
heat to be applied. 

92. As the c^rbonates of lime, of potash, and of soda, act as 
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fluxes on silica, the presence of either one of them will modify 
the degree of heat necessary to convert the clay into a good natu* 
ral puzzolana. Clav, containing about one tenth of lime, should 
be brought to about tne State of sUghtly-bumt brick. The ochreous 
clays require a higher degree of heat to convert them into a good 
material, and should be bumt until they assume the appearance 
of well-bumt brick. The more refractory clays will bear a still 
higher degree of heat ; but the calcination should in no case be 
carried to the point of incipient vitrification. 

93. The quantity of lime contained in the clay can be readily 
ascertained beforehand, by treating a small poition of the clay, 
diffused in water, with enough muriatic acid to dissolve out the 
lime ; and this last might serve as a guido in the preliminary 
stages of the eiqperiments. 

94. General Treussart states, as the results of bis experiments, 
that the mixture of artificial puzzolana and fat lime forms an hy- 
draulic paste superior in quality to that obtained by M. Vicat's 
process for making artificial hydraulic lime. M. Curtois, a French 
civil engineer, in a memoir on these artificial Compounds, pub- 
lished in the Annales desPonts et Chatissies, 1834, and General 
Pasley, more recently, adopt the conclusion of General Treussart. 
M. Vicat's process appears best adapted when chalk, or any very 
soft lime-stone, which can be readily converted to a soft pulp, is 
dsed, as offering more economy, and affording an hydraulic lime 
which is sufficiently streng for most building purposes. By it 
General Pasley has succeeded in obtaining an artificial hydraulic 
cement, which is but liltle, if at all, inferior to the best natural 
varieties ; a result which has not been obtained from any com- 
bination of fat lime with puzzolana, whether natural, or artificial. 

95. All the puzzolanas possess the important property of not 
deteriorating by exposui*e to the air, which is not the case with 
any of the hydraulic limes, or cements. This property may ren- 
der them very serviceable in many localities, where only common, 
or feebly hyoraulic lime can be obtained. 

MORTAR. 

96. Mortar is any mixture of lime in paste with sand. It may 
be divided into two principal classes ; Hydraulic mortar ^ which is 
made of hydraulic hme, and Common mortar, made of common 
lime. 

97. The term Chraut is applied to any mortar in a thin or fluid 
State ; and the terms Concrete and Beton, to mortars incorporated 
wilii gravel and small fragments of stone or brick. 

98. Mortar is used for various purposes in building. It serves 
as a cement to unite blocks of stone, or brick. In concrete and 
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beton, which may be regarded as artifidal conglomerate stones^ 
it forms the matrix by which the gravel and broken stone are 
held together ; and it is the principal material with which the ex- 
terior surfaces of walls and the interior of edifices are coated. 

99. The quality of mortars, whether used for structures ex- 
posed to the weather, or for those immersed in water, will depend 
upon the nature of die materials used ; — their proportion ; — ^the 
manner in which the lime has been converted int6 a paste to re- 
ceive the sand ; — and the mode employed to mix the ingredients. 
Upon all of these points experiment is the only unerring guide for 
the engineer ; for the great diversity in the constituent elements 
of lime-stones, as well as in the other ingredients of mortars, must 
necessarily alone give rise to diversities in results ; and when, to 
these causes of Variation, are superadded those resulting from 
different processes pursued in the manipulations of slakmg the 
lime and mixing the ingredients, no surprise should be feit at the 
seemingly opposite conclusions at which writers, who have pur- 
sued the subject experimentally, have arrired. From the great 
mass of facts, however, presented on this subject within a few 
years, some general rules may be laid down, which the engineer 
may safely follow, in the absence of the means of making direct 
experiments. 

100. Sand. This material, which forms one of the ingredients 
of mortar, is the granulär product arising firom the disintegration 
of rocks. It may, therefore, like the rocks firom which it is de- 
rived, be divided into three principal varieties — ^the silicious, the 
calcareous, and the arsillaceous. 

Sand is also named firom the locality where it is obtained, as 
pit-sandy which is procured firom excavations in alluvial, or other 
deposites of disintecrated rock ; river-sand and sea-sandj which 
are taken firom the snores of the sea, or rivers. 

Builders again classify sand according to the size of the grain. 
The term coarse sand is applied when the grain varies between 
|th and ^ih of an inch in diameter ; the term^ne sand^ when 
Üie grain is between yVth and -^fik of an inch in diameter ; and 
the term mixed sand is used for any mixture of the two prece- 
ding kinds. 

101. The silicious sands, arising firom the quartzose rocks, aie 
the most abundant, and are usually preferred by builders. The 
calcareous sands, firom hard calcareous rocks, are more rare, but 
form a good ingredient for mortar. Some of the argillaceous sands 
possess the properties of the less energetic puzzolanas, and are 
therefore very valuable, as forming, yrim conunon lime, an arti- 
ficial hydrauüc lime. 

102. The property which some argillaceous sands possess, of 
forming with common, or slightly hydraulic lime a Compound which 
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will harden under water, has been long known in France, where 
these sands are termed arines. The sands of this nature are 
tisuall^ found in hillocks along river Valleys. These hillocks 
someümes rest on calcareous rocks, or argillaceous tufas, and are 
frequently formed of altemate beds of the sand and pebbles. The 
sand is of yarious colors, such as yeüow, red, and green, and 
seems to have been formed from the disintegration of clay in a 
more or less indurated State. The arenes are not as enercetic as 
either natural or artificial puzzolanas ; still they form, with com- 
mon lime, an excellent mortar for masonry exposed either to the 
open air, or to humid localities, as the foundations of edifices. 

103. Pit-sand has a rougher and more angular crain than river 
or sea sand ; and, on this account, is generally preferred by build- 
ers for mortar used for brick, or stone-work. Whcthcr it forms a 
stronffer mortar than the other two is not positively setded, al- 
thougn some experiments would lead to the conclusion that it 
does. 

104. River and sea sand are by some preferred for plastering, 
because they are whiter, and have a iiner and more unifoim grain 
than pit sand ; but as the sands from the shores of tidal waters 
contam salts, they should not be used, owing to their hygrometric 
properties, before the salts are dissolved out in firesn water by 
careful washing. 

105. Pit-sand is seldom obtained free from a mixture of dirt, 
or clay ; and these, when found in any notable quantity in it, give 
a weak and bad mortar. Earthy sands shomd, therefore, be 
cleansed from dirt before using them for mortar ; this may be 
effected by washing the sand in shallow vats, and allowing the 
turbid water, in which the clay, dust, and other like impurities 
are held in Suspension, to run off. 

106. Sand, when pure or well cleansed, may be known by not 
soiling the fingers when rubbed between them. 

107. Hydraulic mortar, This material may be made from 
the natural hydraulic limes ; from those which are prepared by 
M. Vicat's process ; or from a mixture of common, or feebly hy- 
draulic lime, with a natural or artificial puzzolana. All writers, 
however, agree that it is better to use a natural than an artificial 
hydraulic lime, when the former can be readily procured. 

108. When the lime used is strongly hydraulic, M. Vicat is 
of opinion that sand alone should be used with it, to form a good 
hydraulic mortar. General Treussart has drawn the conclusion, 
from his experiments, that the mortar of all hydraulic limes is 
improved by an addition of a natural or artificial puzzolana. The 
quantity of sand used may vary from 1 J to 2 parts of the lime, 
in bulk, when reduced to a thick pulp. 

109. For hydraulic mortars, made of conunon, feeble, or or- 
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dinaxy hydraulic limes, and artüicial puzzolana, M. Vicat State« 
that the puzzolana should be the weaker as the lime is more 
Btrongly nydraulic ; using, for example, a Tery energetic {)uzzo^ 
lana with a fat, or a feebly hydraulic lime. The proportion of 
sand which can be incorporated with these ingredients, to form an 
hydraulic mortar, is stated by General Treussart to be one yoU 
ume to onö of puzzolana, ana one of lime in paste. 

110. In proportioning the ingredients, the object to which the 
mortar is to be applied should be regarded. When it is to serre 
to unite stone, or brick work, it is better that the hydraulic lime 
should be rather in excess ; when it is used as a matrix for beton, 
no more lime should be used than is strictly required. No haim 
will arise from an excess of good hydrauhc lime, in any case ; but 
an excess of common lime is injurious to the qusJity of the mortar. 

111. Common and ordinary hydrauUc limes, when made intö 
mortar with arines, give a good material for hydrauHc puxposes. 
The proportions in which these have been found to succeedt well, 
are one of Ume to three of arines. 

112. Hydraulic cement, from the promptitude with which it 
hardens, both in the air and under water, is an invaluable mate* 
rial where this property is essential. Any dose of sand injures 
its properties as a cement. But hydraulic cement may be added 
with decided advantage to a mortar of common, or of feebly hy- 
drauUc Ume and sano. It is in this way that it is generaUy used 
in our pubUc works. The French engineers give the prererence 
to a good hydraulic mortar oyer hydrauUc cement, both for uniting 
stOQO, or brick work, and for plastering. They find, from their 
practice, that when used as a stucco, it does not withstand well 
the eifects of weather ; that it swells and cracks in time ; and, 
when laid on in successire coats, that they become detached from 
each other. 

General Pasley, who has paid great attention to the properties 
of natural and artificial hyorauUc cements, does not agree with 
the French engineers in ms conclusions. He states that, when 
skilfrdly appUed, hydrauUc cement is superior to any hydraulic 
mortar for masonry, but that it must be used only in thin joints ; 
and, when applied as a stucco, that it should be laid on in but one 
coat ; or, if it be laid on in two, the second must be added long 
before the firsjt has set, so that, in fact, the two make but one 
coat. By attending to these precautions, General Pasley states 
that a stucco of hydrauUc cement and sand will withstuid per- 
fcctly the effects oi frost. 

113. Marttxrs eaeposed to iveather. The French engineers, 
who have paid great attention to the subject of mortara, coincide 
in the opinion, that a mortar cannot be made of fat lime and any 
inert aands, like those of the silicious, or calcareous kinds, which 
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will withstand the ordinary exposure of weather ; and that, to 
obtain a ^ood mortar for this puipose, either the hydraulic limes 
mixed with sand must be employed, or eise common lime mixed 
either with arinesy or with a puzzolana and sand. 

1 14. Anj pure sand mixed m proper proportions with hydraulic 
lime, will give a good mortar for the open air ; but the haidness 
of the mortar will be affected by the size of the grain, particularly 
when hydraulic lime is used. Fine sand yields the oest mortar 
with good hydraulic lime ; mixed sand with the feebly hydraulic 
limes ; and coarse sand with fat lime. 

115. The Proportion which the hme should bear to the sand 
seems to depend, in some measure, on the manner in which the 
lime is slaked. M. Vicat states, that the strength of mortar made 
of a stifif paste of fat lime, slaked in the ordinary way, increases 
from 0.50 to 2.40 to one of the paste in volume ; and that, when 
the lime is slaked by immersion, one volume of the like paste will 
give a mortar that increases in strength from 0.50 to 2.20 parts 
of sand. 

For one Tolume of a paste of hydrauUc lime, slaked in the or- 
dinary way, the strength of the mortar increases from to 1.80 
Earts of sand ; and, when slaked by immersion, the mortar of a 
ke paste increases in strength from to 1.70 parts of lime. In 
every case, when the dose of sand was increased beyond these 

Sroportions, the strength of the resulting mortar was found to 
ecrease. 

116. Manipulations of Mortar, The quality of hydraulic mor- 
tar, which is to be immersed in water, is more affected by the 
maimer in which the Ume is slaked, and the ineredients mixed, 
than that of mortar which is to be exposed to the weather ; al- 
though in both cases the increase of strensth, by the best manipu- 
lations, is sufficient to make a study of mem a matter of some 
consequence. 

117. The results obtained from the ordinary method of slak- 
ii^gy by sprinkling, or by immersion, in the case of good hydraulic 
limes, are nearly the same. Spontaneous, or air-slaking, gives 
invariably^e worst results. For common and slightly hydrauUc 
lime, M. Vicat states that air-slaking yields the best results, and 
ordinary slaking the worst. 

118. The ingredients of mortar are incorporated either by 
manual labor, or by machinery : the latter method gives results 
superior to the former. The machines commonly used for mix- 
ing mortar are either the ordinary pug-mill (Fig. 4) employed by 
brickmakers for tempering clay, or a grinding-mili, (Fi^. 5.) 
The grinding-mill is the best maclune, because it not omy re- 
duces the lumps, which are found in the most carefrilly bumt 
stone, after the slaking is apparently complete, but it brings the 
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lime to the State of a uniform stiflF paste, which it should rcceive 
before the sand is incorporated with it. Care should be taken 




Fi«. 4 rei>reaeiit8 a yertical Bection thnmgh 
the azis of a pug-mill^ for mixing or 
tempering mottar.— This mill oraisistf 
of a liooped vesBel, of the form of a co- 
nical frustum, which receives the m- 
gredients, and a vertical shafl, to which 
arms with teeth, resembling an ordi- 
nary rake, are attached, for the puipose 
of mizinf the ingredients. 

A, A, section of sides of the veflsel. 

B, vertical shaft to which the arms C are 
affixed. 

D, horizontal bar for giving a circular mo> 
tion to the shaft B. 

E, sills of timber sui^MUting the mül. 

F, wiought-iion sopport tnrough which 
the Upper part of the shaft passes. 




not to add too much water, particularly when the mortar is to be 
immersed in water. The mortar-mill, on this account, should be 
sheltered from rain ; and the quantity of water with which it is 

Fig. 5 repreeents a part of a mill for cnishing the 
june aüd tempering the mortar. 

A, heayy wheel of timber, or cast iron. 

B, horizontal bar passing through the wheel, which 
at one ezdemity is lixed to a vertical shaft, and 
is arranged at the other (C) with the proper gear- 
ing for a hoise. 

D, a circular trough, with a trapezoidal cross seo- 
tion which receives the ingrecuents to be mized. 
The trough may be ftom 20 to 30 feet in diameter ; 
abottt 18 mches wide at top, and 13 inches deep ; 
and be built of hazd brick, stone, or timber laid on 
-aiilUXjr a firm foundation. 

suppUed may vary with the State of the weather. Nothing seems 
to be eained by carrying the process of mixing, beyond obtaining 
a uniiorm mass of the consistence of plastic clay. Mortars of 
hydraulic lime are injured by long exposure to the air, and fre- 
quent tumings and mixings with a shovel or spade ; those of 
common lime, under like circumstances, seem to be improved. 
Mortar, which has been set aside for a day or two, will become 
sensibly firmer ; if not allowed to stand too long, it may be again 
reduced to its clayey consistence, by simply pounding it with a 
beetle, without any fresh addition of water. 

119. Setting and Durabüity of Mortars. Mortar of common 
lime, without any addition of puzzolana, will not set in humid 
situations, Uke the foundations of edifices, until after a very long 
lapse of time. They set very soon when exposed to the air, or 
to an atmosphere of carbonic acid gas. If, after having become 
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hard in the open air, tliey are placed under water, they in time 
lose their cohesion and fall to pieces. 

120. Common mortars, which have had time to harden, resist 
the action of severe frosts very well, if they are made rather poor^ 
or with an excess of sand. The sand should be over 2.40 parts, 
in bulk, to one yolume of the Urne in paste ; and coarse sand is 
found to give better results than fine sand. 

121. Good hydraulic mortars set equally well in damp situa- 
tions, and in the open air ; and those wnich have hardened in the 
air will retain their haidness when immersed in water. They 
also resist well the action of frost, if they have had time to set 
before exposure to it; but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

122. The Burface of a mass of hydraulic mortar, whether made 
of a natural hydraulic lime or otherwise, when immersed in water, 
becomes more or less degraded by the action of the water upon the 
lime, particularly in a current. When the water is stagnant, a 
very tnin crust of carbonate of lime forms on the surface of tbe 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. This crust, if the water be not agitated, will 
preserve the soft mortar beneath it from the farther action of the 
water, until it has had time to become hard, when the water will 
no longer act upon the lime in any perceptible degrec. 

123. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of the hydraulic lime, or of the puzsolana 
which enters into their composition. Artificial hydraulic mortars, 
with an excess of lime, set more slowly than when the lime is in 
a just Proportion to the other ingredients. 

124. The quick-setting hydraulic Umes are said to fumish a 
mortar which, in time, acquires neither as much strength nor 
hardness as that from the slower-setting hydraulic limes. Ar- 
tificial hydraulic mortars, on the contrary, which set quickly« 
gain, in time, more strength and hardness than those which set 
slowly. 

12Ö. The time in which hydraulic mortars, immersed in water, 
attain their greatest hardness, is not well ascertained. Mortars 
made of streng hydraulic limes do not show any appreciable in^ 
crease of hardness after the second year of their immersion ; whUe 
the best artificial hjrdraulic mortars continue to barden, in a sen* 
sible degree, during the third year after their immersion. 

126. Theory of Mortars. The paste of a hjrdrate, either of 
common or of hydraulic lime, when exposed to the air, absorbs 
carbonic acid gas from it ; passes to the State of sub^carbonate of 
lime ; without, however, rejecting the water of the hydrate, and 
gradually hardens. The time required for the complete satura- 
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tion of the mass exposed, will depend on its bulk. The abaorp» 
tion of the gas commences at tne surface and proceeds more 
slowly towards the pentre. The hardening of mortars exposed 
to the atmosphere» is generally attributed to this absoiption of the 

Sis, as no chemical action of lime upon quartzose sand, which is 
e usual kind employed for mortars, has hitherto been detected 
by the most carefiu experiments. 

127. With regard to hydraulic mortars, it is difficult to account 
for their hardening, except upon the effect which the Silicate of 
lime may have upon the excess of simple hydrate of uncombined 
lime contained in the mass. M. Petot supposes, that the parti- 
des of Silicate of lime form so many centres, around which the 
uncombined hydrates group themselves in a crystalline form; 
becominff thus sufficiently nard to resist the solvent action of 
water. With respect to the action of quartzose sand in hydraulic 
mortars, M. Petot thinks that the grains produce the same me- 
chanical effect as the particles of the sihcate of lime, in inducing 
the aggregation of the uncombined hydrate. 

128. Concrete. This term is applied, by English architects 
and engineers, to a mortar of finely-pulyerized quick-Ume, sand, 
and gravel. These materials are nrst thorougUy mixed in a dry 
State, sufficient water is added to bring the mass to the ordinary 
consistence of mortar, and it is then rapidly worked up by a 

^ shovel, or eise passed through a pug*mill. The concrete is used 
inunediately after the materials are well incorporated, and while 
the mass is bot. 

129. The materials for concrete are compounded in Tarious 
proportions. The moat approved are those in which the lime 
and sand are in the proper proportions to form a good mortar, 
and the gravel is twice the bulk of the sand. The ffravel used 
should 1^ clean, and any pebbles contained in it Tarier than 
an egg, should be broken up before the materials are mcorpo- 
rated. 

130. Hot water has in some cases been used in making con- 
crete. It causes the mass to set more rapidly, but is not other- 
wise of any advantage. 

131. The bulk of a mass of concrete, when first made, is found 
to be about one fifth less than the total bulk of the dry materials. 
But, as the lime slakes, the mass of concrete is found to expand 
about three eighths of an inch in height, for every foot of the mass 
in depth. 

132. The use of concrete is at present mostly restricted to 
forming a soUd bed, in bad soils, for the foundations of edifices. 
It has also been used to form blocks of artificial stone, for the 
Walls of buildings and other like purposes ; but experience haft 
shown, that it possesses neither the durability nor strength requi« 
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nie for structures of a permanent character, when exposed to the 
action of water, or of the weather. 

133. Beton. The term beton is applied, by Prench engineers, 
to any mixture of hydraulic mortar witn fragments of brick, stoue, 
or gravel ; and it is now also used by finglish engineers in the 
same sense. 

134. The proportions of the ingredients used for beton are Ta- 
riously stated by different authors. The sole object for which 
the gravel, or the broken stone is used, bein^ to obtain a more 
economical material than a like mass of hydrauUc mortar alone 
would yield, the quantity of broken stone should be as great as 
can be thorouchly united by the mortar. The smallest amount of 
mortar, therefore, that can be used for this purpose, will be that 
which will be just equal in volume to the voia Spaces in any given 
bulk of the broken stone, or gravel. The proportion which the 
volume occupied by the void spaces bears to any bulk of a loose 
material, like broken stone, or gravel, may be readily ascertained 
by fiUing a vessel of knovni capacity with the loose material, and 
pouring in as much water as the vessel vrill contain. The vol- 
ume of water thus found, will be the same as that of the void 
Spaces. 

135. Beton made of mortar and broken stone, in which the 
proportions of the ingredients were ascertained by the process 
just detailed, has been found to give satisfactory results ; but, in » 
Order to obviate any defect arising from imperfect manipulation, 

it is usual to add an excess of mortar above that of the void 
Spaces. 

The best and most economical beton is made of a mixture of 
broken stone, or brick, in fragments not larger than a hen*s egg, 
and of coarse and fine gravel mixed in suitable proportions. 

136. In making beton, the mortar is first prepared, and then 
incorporated with the finer gravel ; the resulling mixture is spread 
out into a cake, 4 or 6 inches in thickness, over which the coarser 

Savel and broken stone are uniformly strewed and pressed down, 
e whole mass being finally brought to a homogeneous State with 
the hoe and shovel. 

Beton is used for the same purposes as concrete, to which it 
is superior in every respect, but particularly so for foundations 
laid under water, or in humid localities. 

137. Adherence of Mortar. The force vrith which mortars in 
general adhere to otner materials, depends on the nature of the 
material, its texture, and the State of the surface to which the 
mortar is applied. 

138. Mortar adheres most strongly to brick ; and more feebly 
to wood than to any other material. Among stones, its adhesion 
to lime-stone is generally greatest ; and to basalt and sand-stones. 
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least. Among stones of the same class, it adheres generally hei- 
ter to the porous and coarse-grained, than to the compact and 
fine-ffraineo. Among surfaces, it adheres more strongly to the 
rough than to the smooth. 

139. The adhesion of common mortar to brick and stone, for 
the first few years, is greater than the cohesion of its own parti- 
des. The force with which hydraulic cement adheres to the same 
materials, is less than that of the cohesion between its own parti* 
des ; and, from some recent experiments of Colonel Pasley, on 
this subiect, it would seem that hydrauhc cement adheres with 
nearly the same force to pohshed surfaces of stone as to rough 
surfaces. 

140. From experiments made by Rondelet, on the adhesion of 
common mortar to stone, it appears that it required a force vary- 
ing from 15 to 30 pounds on tne Square inch, apphed perpendicu- 
lar to the plane of the Joint, to separate the mortar and stone 
after six months union ; whereas, only 5 pounds to the Square 
inch was required to separate the same surfaces, when applied 
parallel to the plane of the Joint. 

From experiments made by Colonel Pasley, he concludes that 
the adhesive force of hydraulic cement to stone, may be taken as 
high as 125 pounds on the Square inch, when the Joint has had 
time to haraen throughout; but, he remarks, that as in large 
joints the exterior part of the Joint may have hardened while the 
interior still remains soft, it is not safe to estimate the adhesive 
force, in such cases, higher than from 30 to 40 pounds on the 
Square inch. 

MASTICS. 

141. The term Mdstic is generally applied to artificial or natu- 
ral combinations of bituminous or resinous substances with other 
ineredients. They are converted to various uses in constructions, 
either as cements for other materials, or as coatings, to render them 
impervious to water. 

142. Bituminous Mastic, The knowledge of this material 
dates back to an early period ; but it is omy within, compara- 
tively speaking, a few years that it has come into common use in 
Europe and this country. The most usual form in which it is 
now employed, is a combination of mineral tar and powdered 
bituminous lime-stone. 

143. The localities of each of these substances are very nu- 
merous ; but they are chiefly brought into the market from several 
places in Switzerland and Prance, where these minerals are found 
m great abundance ; the most noted being Val-de-Trayers in 
Switzerland, and Seyssel in France. 

144. The mineral tar is usually obtained by boiling in water a 

6 
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soft sand-stone, calied by the French molassey which is strongly 
impregnated with the tar. In this process, the tar is disengaged 
and rises to the surface of the water, or adheres to the sides of 
the vessel, and the earthy matter remains at the bottom. An 
analysis of a rieh specimen of the Seyssel bituminous sand-stone 
gave the following results : — 

Bitaminoas oil . .086 > «u«^^« inü 

Carbon . . . .020 P'*""*®» • • '^^ 

Quartzy gr&iDs 690 

Calcaieons gxains ....;. ,304 



• 1.000 



145. The bituminous hme-stone which, when reduced to a 
powdered State, is mixed with the mineral tar, is known at the 
localities mentioned by the name of ctsphaltum^ an appellation 
which is now usually given to the mastic. This Ume-stone occurs 
in the secondary formations, and is found to contain various pro- 
portions of bitumen, varying mostly from 3 to 15 per cent., with 
the other ordinary minerals, as argile, &c., which are met with 
in this formation. 

146. The bituminous mastic is prepared firom these two mate- 
rials by heating the mineral tar in cast-iron or sheet-iron boilers, 
and stirrin^' in the proper proportion of the powdered lime- 
stone. This Operation, although very simple in its kind, requires 

Seat attenli un and skill on the part of the workmen in managing 
e fire, as the mastic may be injured by too low, or too high a 
degree of heat. The best plan appears to be, to apply a brisk 
fire until the boiling liquid commences to give out a thin whitish 
vapor. The fire is then moderated and kept at a uniform State, 
and the powdered stone is gradually added, and mixed in with the 
tar by stirring the two well together. When the temperature has 
been raised too high, the heated mass eives out a yellowish or 
brownish vapor. In this State it should oe stirred rapidly, and be 
lemoved at once from the fire. 

147. The asphaltic stone maybe reduced to powder, eitherby 
roasting it in yessels over a fire, or by grinding it down in the or- 
dinary mortar-mill. For roasting, the stone is first reduced to 
fragments the size of an egg. These fragments are put into an 
iion vessel ; heat is applied, and the stone is reduced to powder 
by stirring it and breaking it up with an iron instrument. This 
process is not only less economical than grinding, but the ma- 
terial loses a portion of its tar from evaporation, besides being 
liable to injury from too great a degree of heat. For grindingi 
the stone is first broken as for roasting. Care should be taken» 
during the process, to stir the mass frequently, otherwise it may 
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form into a cake. Cold dry weather is the best season for this 
Operation; the stone, howeyer, should not be exposed to the 
weather. 

148. Owing to the yariable quantity of mineral tar in bitumi- 
nous lime-stone, the best proportions dt the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Three or 
four per cent. too much of tar, is said to impair both the durabiUty 
and tenacity of the mastic ; while too smail a quantity is equally 
prejudicial. Generally, firom eight to ten per cent. of the tar, by 
weighty has been found to yield a favorable result. 

149. Mastics have been foimed by mixing vegetable tar, pitch, 
and other resinous substances, witn htharge, powdered brick» 
powdered lime-stone, dcc. ; but the results obtamed bare gener- 
ally been inferior to those from bituminous mastic. 

160. Mineral tar is more durable than vegetable tar, and on this 
account it has been used alone as a coating for other materials^ 
but not with tlie same success as mastic. Employed in this way, 
the tar in time becomes dry and peels off; wnereas, in the form 
of mastic, the hard matter with which it is mixed preyents the 
eyaporation of the oily portion of the tar, and thus promotes its 
durabihty. 

151. The uses to which bituminous mastic is applied are daily 
increasing. It has been used for paving in a vanety of forms, 
either as a cement for large blocks of stone, or as the matrix of a 
concrete formed of small fragments of stone or gravel ; as a point- 
ing, it is found to be more serviceable, for some purposes, than 
hydraulic cement ; it forms one of the best water-tignt coatings 
for cistems, cellars, the cappings of arches, terraces, and other 
simüar roofings now in use ; and is a good preseryatiye agent for 
wood work exposed to wet or damp. 

OLUE. 

152. The common animal glue is seldom used as a cement for 
any other purpose than for the work of the joiner. Although of 
considerable tenacity, it is weak, brittle, and readily impaired by 
moisture. 

153. Within a few years back, a material teimed marine glue, 
the inyention of Mr. Jeffery of England, has attracted attention in 
England and France, in both which countries ita qualities as a 
cement, both for stone and wood, have been tested with the most 
satisfactory results. This composition is said to be made by first 
dissdvin^ caoutchouc in coal naphtha, in the proportion of one 
pound of the former to five gallons of the latter ; to this Solution 

^ an equal weight of shellac is added, and the composition is then 
* placed oyer a fire and thoroughly mixed by stirring. 
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154. Owing to its insolubility in water, its remarkable tenacity 
and adhesion, and its powers of contraction and expansion through 
a very considerable ränge of temperature, without oecoming either 
very soft or britüe, the marine glue promises to be not only a yal- 
uable addition to the resources of the naval architect, but to the 
civil engineer. 

BRIGK. 

155. This material is properly an artificial stone, formed by 
submitting common clay, which has under^one suitable prepara- 
tion, to a temperature sufficient to convert it into a semi-vitrified 
State. 

156. Brick may be used for nearly all the purposes to which 
stone is applicable ; for when carefiilly made, its strength, haid- 
ness, and durability, are but little inferior to the more ordinary 
kinds of building stone. It remains michanged under the ex- 
treme« of temperature ; resists die action of water ; sets firmly 
and promptly with mortar ; and being both cheaper and lighter 
than stone, is preferable to it for many kinds of structures, as 
arches, the walls of houses, &c. 

157. The art of brick-making is a distinct branch of the useful 
arts, and does not properly belong to that of the engineer. But 
as the encineer is fireauently obliged to prepare this material him- 
«elf, the foUowing outline of the process may prove of Service. 

158. The best brick eartb is composed of a mixture of pure 
day and sand^ deprived of pebbles of every kind, but particularly 
of those which contain lime, and pyritous, or other metallic sub- 
stances ; as these substances, when in large quantities, and in the 
form of pebbles, act as fluxes, and destroy the shape of the brick, 
and weaken it by causing cavities and cracks ; but in small quan- 
tities, and equaliy diffused throughout the earth, they assist the 
vitrification, and give it a more uniform character. 

159. Good brick earth is frequently found in a natural State,' 
and requires no other preparation for the purposes of the brick- 
maker. When he is obliged to prepare the earth by mixing the 
pure clay and sand, direct experiments should, in all cases, be 
made, to ascertain Üie proper proportions of the two. If the clay 
is in excess, the temperature required to semi-vitrify it, will cause 
it to waip, shrink, and crack ; and, if there is an excess of sand, 
complete vitrification will ensue, under similar circumstances. 

160. The quality of the brick depends ^s much on the care 
bestowed on its manufacture, as on ttie quality of the earth. The 
first stage of the process is to free the earth irom pebbles, which 
is most effectually done by digging it out early in the autumn, 
and exposing it in small heaps to the weather auring the winter. 
In the spring, the heaps are carefiilly riddled, if necessary, and 
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the earth is then in a proper State to be kneaded or tempered. 
The quantity of water required in tempering, will depend on the 
quality of the earth ; no more should be used, than will be suffi- 
cient to make the earth so plastic, as to admit of its being easily 
moulded by the workman. About half a cubic foot of water to 
one of the earth is, in most cases, a ^ood proportion. If too much 
water be used, the brick will not omy be very slow in drying, but 
it will, in most cases, crack, owins to the surface becoming com- 
pletely dry, before the moisture of the interior has had time to 
escape ; the consequence of which will be, that the brick, when 
bumt, will be either entirely unfit for use, or very weak. 

161 . Machinery is now coming into very general use in mould- 
ing brick : it is superior to manual labor, not only from the labor 
saved, but from its yielding a better quality of brick, by giving it 
great density, which adds to its strength. 

162. Great attention is requisite in drying the brick before it 
is bumed. It should be placed, for this purpose, in a dry expo- 
sure, and be sheltered from the direct action of the wind and sun, 
in Order that the moisture may be carried off slowly and uniformly 
frt>m the entire surface. When this precaution is not taken, the 
brick will generally crack from the unequal shrinking, arismg 
from onepart drying more rapidly than the rest. 

163. Tne buming and cooling should be done with equal care. 
A very moderate fire should be applied under the arches of the 
kiln for about twenty-four hours, to expel any remaining moisture 
from the raw brick; this is known to be completely effected, 
when the smoke from the kiln is no loneer black. The fire is 
then increased until the bricks of the arches attain a white heat ; 
it is then allowed to abate in some degree, in order to prevent 
complete vitrification ; and it is altemately raised and lowered in 
this way, until the buming is complete, which may be ascer- 
tained by examinin^ the bricks at the top of the kiln. The 
cooling should be slowly effected ; otherwise the bricks will not 
withstand the effects of the weather. It is done by closing 
the mouths of the arches, and the top and sides of the kiln in 
the most effectual manner with meist clay and bumt brick, and 
allowing the kiln to remain in this State until the warmth has 
subsided. 

164. Brick of a good quality exhibits a fine, compact, uniform 
texture, when broken across ; gives a clear ringing sound, when 
Struck ; and is of a cherry red, or brownish color. Three varie- 
ties are found in the kiln ; those which form the arches, denom- 
inated arch tricky are always vitrified in part, and present a 
grayish glassy appearance at one end ; they are very hard, but 
brittle, of inferior strength, and set badly with mortar ; those from 
the interior of the kiln, usually denominated Body, hard, or cherry 
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brickf axe of the best quality ; those £rom near the top and sided, 
are ffenerally underbumt, and are denominated soft, pale, or sam- 
melorick; they have neidier sufficient strength, nor durability, 
for heavy masoniy, nor the outside courses of walls, which are 
erposed to the weather. 

165. The quality of good brick may be improTed by soakmg 
it for some days in water, and re-buming it. This process in- 
creases both the strength and durability, and renders the brick 
more suitable for hydraulic constnictions, as it is found not to 
imbibe water so readily after having undergone it. 

1 66. The size and fonn of bricks present but trifling variations. 
They are generally rectangular parallelopipeds, bom eight to nine 
inches long, from four to four and a half wide, and from two to 
two and a quarter thick. Thin brick is generally of a better 
quality than thick, because it can be dried and bumed more 
uniformly. 

167. Fire-brick. This material is used for the facing of fiir- 
naces, fireplaces, &c., where a high degree of temperalure is to be 
sustained. It is made of a very refractory kind of pure clay, that 
remains unchanged by a de^eof heat which wonldvitrifv and com- 
pletely destroy ordinary bnck. A very remarkable bnck of this 
character has been made of agartc mineral; it remains un- 
changed under the highest temperature, is one of the worst con- 
ductors of heat, and so light that it will float on water. 

168. Tiles. As a roof covering, tiles are, in many respects, 
superior to slate, or metallic coverings. They are streng and 
durable, and are very suitable for the covering of arches, as their 
great weight is not so objectionable here, as in the case of roofs 
mrmed of frames of timber. 

Tiles should be made of the best potter's clay, and be moulded 
with great care to give them the greatest density and strength. 
They are of very variable form ana size ; the worst being the 
flat sauare form, as, firom the liability of the clay to warp in bum- 
ing, they do not make a perfectly water-tight covering. 

WOOD. 

169. This material holds the next rank to stone, owing to its 
durability and strength, and the very general use made of it in 
constructions. To suit it to the puiposes of the engineer, the 
tree is felled after having attained its mature growth, and the 
trunk, the lai^r branches that spring from the trank, and the 
main parts of the root, are cut into suitable dimensions, and sea- 
soned, in which State, the term timber is appUed to it. The 
crooked, or compass timber of the branches and roots, is mostly 
appUed to the purposes of ship-building, for die knees and other 
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mrts of the firame-woik of vessels, reqairing crooked timber. 
The trunk fumishes all the straight timber. 

170. The trunk of a full-mrown tree presents three distmct 
parte : the bark, which forms Üie exterior coating ; the sap-wood, 
which is next to the bark ; the kearty or inner part, which is easily 
distinguishable from the sap-wood by ite greater finnness and 
darker color. 

171. The heart forms the essential part of the trunk, as a 
building material. The sap-wood possesses but little strength, 
and is subject to rapid decay, owing to the great quantity of fer- 
mentable matter contained in it ; and the bark is not only without 
strength, but, if suffered to remain on the tree after it is felled, it 
hastens the decay of the sap-wood and heart. 

172. Trees should not be felled for timber until they have at- 
tained their mature growth, nor after they exhibit Symptoms of 
decline ; otherwise, the timber will be less strong, and far less 
durable. Most forest trees arrive at ndaturity between iifty and 
one hundred years, and commence to decline after one hundred 
and üfty or two hundred years. The age of the tree can, in most 
cases, be ascertained either by ite extemal appearances, or by 
cutting into the centre of the trunk, and counting the rings, or 
layers of the sap and heart, as a new ring is formed each year in 
the process of Vegetation. When the tree commences to decline, 
the extremities oi the old branches, and particularly the top, ex- 
hibit signs of decay. 

173. Trees should not be felled while the sap is in circulation ; 
for this substance is of a peculiarly fermentable nature, and, there- 
fore, yery productive of destruction to the wood. The winter 
months, and July, are the seasons in which trees are felled for 
timber, as the sap is generally considered as dormant during these 
months ; this practice, however, is in part condemned by some 
writers ; and Ine recent experiments of M. Boucherie, in France, 
Support this opinion, and indicate midsummer and autumn as the 
seasons in which the sap is least active, and therefore as most 
fayorable for felling. 

174. As the sap-wood, in most trees, forms a large portion of 
the trunk, experiments have been made, for the purpose of im- 
proving its strength and durability. These experiments have been 
mostly directed towaids the manner of preparing the tree, before 
felling it. One method ccmsiste in girdling, or making an in- 
cision with an axe around the trunk, completely through the sap- 
wood, and suffering llie tree to stand in this State until it is deaa ; 
the other consists in harking, or Stripping the entire trunk of ite 
bark, without wounding the sap-wood, early in the sprinc, and al- 
lowing the tree to stand until the new leaves have put forth and 
fallen, before it is felled. The sap-wood of trees, treated by both 
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of these methods, was found venr much improyed in haidness, 
strength, and durability ; the results from giidling were, however, 
inferior to those from barking. 

175. The seasoning of timber is of the greatest importance, not 
only to its durability, but to the solidity of the structure for which 
it may be used ; as a very slight shrinking of some of the pieces, 
arising from llie seasoning of the wood, might, in many cases, 
cause material injury, if not complete destruction to the structure. 
Timber is considered as sufficiently seasoned, for the purposes 
of frame-worky when it has lost about one fiifth of the weight 
which it has in a green State. Several methods are in use for 
seasoning timber : they consist either in an exposure to the air 
for a certain period in a sheltered position, whicn is termed natu- 
ral seasoning ; in immersion in water, termed water seasoning ; 
or in boiling, or steaming. 

176. For natural seasoning, it is usually recommended to strip 
llie trunk of its branches and bark, immediately upon felling, and 
to remove it to some dry position, until it can be sawed into suit- 
able scantling. Erom the experiments of M. Boucherie, just 
cited, it would seem that better results would ensue, firom allow- 
ing the branches and bark to remain on the trunk for some days 
after felling. In this State, the vital action of the tree continuing 
in Operation, the sap-vessels will be gradually exhausted of sap, 
and fiUed with air, ^nd the trunk thus better prepared for the pro- 
cess of seasoning. To complete the seasoning, the sawed timber 
should be pUed under drang sheds, where it will be fireely ex- 
posed to the circulation oi the air, but sheltered firom the oirect 
action of the wind, rain, and sun. By taking these precautions, 
an equable evaporation of the moisture will take place over the 
entire surface, which will prevent either warping or spUtting, 
which necessarily ensues when one part dries more rapidly than 
another. It is farther recommended, instead of piling llie pieces 
on each other in a horizontal position, that they be laid on cast* 
iron Supports properly prepared, and with a sumcient inclination 
to facilitate the drippmg ol the sap firom one end ; and that heavy 
round timber be bored through the centre, to expose a greater 
surface to the air, as it has been found that it cracks more in sea- 
soning than Square timber. 

Natural seasoning is preferable to any other, as timber seasoned 
in this way is both strenger and more durable than when prepared 
by any artificial process. Most timber will require, on an aver- 
age, about two years to become fiilly seasoned in llie natural 
way. 

177. The process of seasoning by immersion in water, is slow 
and imperfect, as it takes years to saturate heavy timber ; and 
the soluble matter is discharged very slowly, and chiefly firom the 
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extehor layeis of the immersed wood. The practice of keepiug 
timber in water, with a view to facilitate its seasoning, has been 
condemned as of doubtful Utility ; particularly Immersion in salt 
water, where the timber is liable to the inroaos of those two yery 
destructive inhabitants of our waters, ibe Lwmoria Terebrans^ 
and Teredo Novalis ; the former of which rapidly destroys die 
heaviest logs, by gradually eating in between the annaal rings ; 
and the latter, the well-known ship-ivarmy by conyerting timber 
into a perfect honeycomb State by its numerous peiforations. 

178. Steaming is mostly in use for ship^building, where it is 
necessary to sof^n the fibres, for the purpose of beoding large 
pieces oi timber. This is effected by placmg the timber in strong 
steam-tight cylinders, where it is subjected to the action of steam 
long enough for the object in yiew ; the period usually allowed, 
is one hour to each inen in thickness. Steaming sligbUy impairs 
the strength of timber, but renders it less tubject to decay, and 
less liable to warp and crack. 

179. When timber is used for posts partly imbedded in the 

ä round, it is usual to char the part imbedded, to preserve it firom 
ecay. This method is only serviceable when the timber haß been 
previously well seasoned ; but for green timber it is highly injur 
rious, as by closing the pores, it prevents the eTaporation firom Uie 
surface, and thus causes fermentation and rapid decay within. 

180. The most durtible timber is procured firom trees of a close 
compact texture, which, on analysis, yield the largest quantity of 
carbon. And those which grow in moist and shady localities, 
fumish timber which is weaker and less durable than that firom 
trees growin^ in a dry open exposure. 

181. Timber is subject to defects, arising either fitun some, . 
peculiarity in the growth of the tree, or firom the effects of the 
weather. Straight-grained timber, firee firom knots, is superior 
in strength and quahty, as a building material, to that which is 
the reverse. 

182. The action of high winds, or of severe firosts, injuret the 
tree while Standing : the former separating the layers from each 
other, forming what is denominated roUed timber ; the latter 
Cracking the timber in several places, firom the surface to th& 
centre. These defects, as well as those arising firom worms, or 
age, are easily seen by examining a cross section of the trunk. 

183. The wet and dry rot are the most serious causes of the 
decay of timber ; as all die remedies thus far proposed to prerent 
them, are too expensive to admit of a very general apphcation. 
Both of these causes have the same origin, fermentation, and 
consequent putrefaction. The wet rot takes place in wood ex- 
posed, altemately, to moisture and dryness ; and the dry rot is 
occasioned by want of a free circulation of air, as in confined, 

7 
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wann localities, like cellars and the more confined parts of 
vessels. 

Trees of rapid growth, which contain a large portion öf sap- 
wood, and timber of eveiy description, when used green, where 
there is a want of a free circulation of air, decay veiy rapidly with 
the rot. 

184. Numberless experiments have been made on the preser- 
Tation of timber, and many processes for this purpose have been 
patented both in Europe and this country. Several of these 
processes have yielded tne most satisfactory results ; and nearly 
all have proved more or less efficacious. The means mostly re- 
sorted to have been the Saturation of the thnber in the Solution 
of some Salt with a metaUic, or earthy base, thus forming an in- 
soluble Compound with the soluble matter of the timber. The 
salts which nave been most generally tried, are the sulphate of 
iron, or copper, and the chloride of mercury, zinc, or calcium. 
The results obtained from the chlorides have oeen more satisfac- 
tory than those from the sulphates ; the latter class of salts with 
metaUic bases possess undoubted antiseptic properties ; but it is 
stated that the freed sulphnric acid, arising from the chemical 
action of the salt on the wood, impairs the woody fibre, and 
changes it into a substance resembUng carbon. 

185. The processes which have come into most general use, 
äre those of Mr. Kyan, and of Sir W. Bumett, caUed after the 
patentees kyanizing and bumetizing. Kyan's process is to sat- 
urate the timber with a Solution of chloride of mercury ; using, 
for the Solution, one pound of the salt to five callons of water. 
Bumett uses a Solution of chloride of zinc, in the proportion of 
one pound of the salt to ten gallons of water, for common pur- 
poses ; and a more highly concentrated Solution when the object 
is also to render the wood incombustible. 

186. As timber under the ordmary circumstances of immer- 
sion imbibes the Solutions very slowly, a more expeditious, as 
well as more perfect means of Saturation has been used of late, 
which consists in placing the wood to be prepared in streng 
wrought^iron cylinders, lined with feit and boards, to protect the 
iron from the action of the Solution, where, first by exhausting 
the cylinders of air, and then applying a streng pressure by means 
of a force-pump, the liquid is forced into the sap and air-vessels, 
and penetrates to the very centre of the timber. 

187. Among the patented processes in our country, that of Mr. 
£arle has received most notice. This consists in boiling the 
timber in a Solution of the sulphates of copper and iron. Opinion 
seems to be divided as to the efficacy of this melhod. It has been 
tried for the preservation of timber lor artilleiy carriages, but not 
with satisfactory results. 
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188. M. Boucherie, to whose able researches on this subject 
reference has been made, noticing the slowness with which 
aqueous Solutions were imbibed by wood, when simply im- 
mersed in them, conceived the ingenious idea of rendering the 
vital action of the sap-vessels subservient to a thordugh impreg- 
nation of every part of the trank where there was this vitality. 
To effect this, he first immersed the butt end of a freshly-felled 
tree in a liquid, and found that it was diffused throughout all parts 
of the tree, in a few days, by the action in question. But, Und- 
ing it difficult to manage trees of some size when felled, M. 
Boucherie next attempted to saturate them before felhng; for 
which purpose he bored an auger-hole through the trunk, and 
made a saw-cut firom the auger-hole outwards, on each side, to 
within a few inches of the exterior, leaving enough of the fibres 
untouched to support the tree. One end of the auger-hole was 
then stopped, as well as all of the saw-cut on the exterior, and 
the Uquia was introduced by a tube inserted into the open end of 
the auger-hole. This method was found equally efficacious with 
the first, and more convenient. 

189. After examining the action of the various neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
try the impure pyrolignite of iron, both firom its chemical compo- 
sition and its cneapness. The results of this experiment were 
perfectlv satisfactory. The pyroHgnite of iron, in the proportion 
of one fifüeth in weight of the green wood, was found not only to 

Sreserve the wood from decay, but to harden it to a very high 
egree. 

190. Observing that the pliability and elasticity of wood de- 

Emded, in a great measure, on the moisture contamed in it, M. 
oucherie next directed his attention to the means of improving 
these properties. For this purpose, he tried Solutions of various 
deliquescent salts, which were found to answer the end proposed. 
Among these Solutions, he gives the preference to that of chloride 
of calcium, which also, when concentrated, renders the wood in- 
combustible. He also recommends for like purposes the mother 
water of salt-marshes, as cheaper than the Solution of the chloride 
of calcium. Timber prepared in this way is not only improved 
in elasticity and pHability, but is prevented firom warping and 
Cracking ; the timoer, however, is subject to greater variations in 
weight than when seasoned naturally. 

191. M. Boucherie is of opinion that the earthy chlorides will 
also act as preservatives, but to ensure this he recommends that 
they be mixed with one fifth of pyrolignite of iron. 

192. From other experiments of M. Boucherie, it appears that 
the sap may be expelled fi'om any freshly-felled timoer by the 
pressure of a liquid, and 'the timber be impregnated as thoroughly 
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$s by the precedinf processes. To effect this, the piece to be 
saturated is placed in an upright position, so that tne sap may 
flow leadily £om the lower end ; a water-tifht bag, containing 
the liquid, is affixed to the upper extremity which is sunnounted 
by the liquid, the pressure firom which ezpels the sap, and fills 
the sap-yessels with the liquid. The process is complete when 
the liquid is found to issue in a pure State firom the lower end of 
the stick. 

193. Either of the above processes may be applied in impieg- 
nating timber with coloring matter for omamental purposes. The 
plan recommended by M. Boucherie, consists in introducing sep- 
arately the Solutions by the chemical union of which the color is 
to be formed. 

194. The effect of time on the durability of timber, prepared 
by any of the various chemical processes which have just been 
detailed, remains to be seen ; although results of the most satis- 
factory nature may be looked for, considering the severe tests to 
which most of them have been submitted, by eroosure in situa^ 
tions peculiarly favorable to the destruction of Ugneous sub* 
stances. 

195. The durability of timber, when not prepared by any of 
the above-mentioned processes, varies greatly under different cir- 
cumstances pf exposure. If placed in a sheltered position, and 
exposed to a free circulation ot air, timber will last for centuries, 
without showing any sensible changes in its physical proper- 
ties. An equal, if i^ot superior, durability is observed when it 
is immersed in fresh water, or embedded in thick walls, or 
under ground, so as to be beyond the influence of almo^heric 
changes. 

196. In Salt water, however, particularly in warm climates, 
timber is rapidly destroyed by the two animals already noticed : 
the one, the limnoria terebrans^ attacking, it is said, omy station- 
ary wood, while the attacks of the other, the teredo navalis, are 
general. Various means have been tried to ffuard against the 
ravages of these destructive agents ; that of sheathing exposed 
timber with copper, or with a coating of hydraulic cement, amxed 
to the wood by studding it thickly over with broad-headed nails to 

S've a hold to the cement, has met with fiill success ; but the oxi- 
ition of the metal, and the Uabili^ to accident of the cement, 
limit their efficacy to cases where they can be renewed. The 
chemical processes for preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, of pre- 
serving timber by impregnating it with coal tar, patented in this 
countiy by Professor Renwick, appears, from careful experi- 
ments, also to be efficacious against tne attack of the ship-worm. 
A coating of Jeffery's marine glue, when impregnated with some 



WOOD. 53 

of the insoluble mineral poisons destructire to animal life, is said 
to subgenre the same end. 

197. The best seasoned ■ timber will not withstand the effects 
of exposure to the we'ather for a much greater period than twenty-* 
five years, unless it is protected by a coating of paint or pitcn, 
or of oil laid on hot, when the timber is partly charred over a light 
blaze. These substances themselves, oeing of a perishable na- 
ture, require to be renewed, from time to time, and will, there- 
fore, be serviceable only in situations.which admit of their renewal. 
They are, moreover, more hnrtful than serviceable, to unseasoned 
timl>er, as by closing the pores of the exterior surface, they pie« 
vent the moisture from escapins from within, and, therefore, pro* 
mote one of the chief causes oi decay. 

198. The forests of t)ur own country produce a great variety 
of the best timber for every purpose, and supply abundantly botk 
our own and foreign markets. The following genera are in most 
common use. 

199. Oak. About forty-four species of this tree are enumera- 
ted by botanists, as found in our forests, and Üiose of Mexico. 
The most of them afford a good building material, except the 
varieties of red oak, the timber of which is weak, and decaya 
rapidly. 

The White Oak, (Q^ercus AUnZy) so named from the color 
of its bark, is among the most valuable of the species, and is in 
yeiy general use, but is mostly reserved for naval constructions ; 
its trunk, which is large, serving for heavy frame-work, and the 
roots and larger branches afibrding the best compass timber. The 
wood is strong and durable, and of a slightly reddish tinge ; it is 
not suitable for boards, as it shrinks about -^^ in seasoning, and 
is very subject to warp and crack. 

This tree is found most abundantly in the Middle States. It 
is seldom seen, in comparison with other forest trees, in the 
Eastem and Southern States, or in the rieh yalleys of llie West* 
em States. 

Post Oak, {Quercus Obtusiloba.) This tree seldom attains a 
^ater diameter than about fifteen inches, and, on this account, 
18 mostly used for posts, from which use it takes its name. The 
wood has a yellowish hue, and close grain ; is said to exceed 
white oak in strength and durability ; and is, therefore, an excel- 
lent building material for the lighter kinds of frame-work. This 
tree is found most abundantly in the forests of Maryland and Vir* 
ginia, and is there frequentiy called Box White Oaky and Iron 
Oak. It also grows in the forests of the Southern and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnut White Oak, {(^uercus Prinus Palustris.) The tim* 
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ber of this tree is strong and durable, but inferior to the tWo pre- 
ceding species. The tree is abundant from North Carolina to 
Honda. 

Rock Chesnut Oak, ( (^uercus Prinus Monticola.) The timber 
of this tree is mostly in use for naval constructions, for which it 
is esteemed inferior only to the white oak. The tree is found in 
the Middle States, and as far north as Vermont. 

Live Oak, (Q^ercus Virens.) The wood of this tree is of a 
yellowish tinge ; it is heavy, compact, and of a iine grain ; it is 
stronger and more durable than any other species, and, on this 
account, it is considered invaluable for the purposes of ship- 
buildinff, for which it is exclusively reserved. 

The live oak is not found farther north than the neighborhood 
of Norfolk, Virginia, nor farther inland, than from fifteen to twenty 
miles from the seacoast. It is found in abundance along the 
coast south, and in the adjacent islands as far as the mouth of the 
Mississi^i. 

200. Pine, This very interesting genus is considered inferior 
only to the oak, from the excellent timber afforded by nearly all 
of its species. It is regarded as a most valuable building mate- 
rial, owmg to its strength and durability, the straightness of its 
fibre, the ease with which it is wrought, and its applicability to 
all the purposes of constructions in wood. 

Yellow Fine, {Pinus Mitis.) The heart-wood of this tree is 
fine-grained, moderately resinous, streng, and durable ; but the 
sap-wood is very infenor, decaying rapidly on exposure to the 
weather. The timber is in very genersu use for frame-work, &c. 

This tree is found throughout our country, but in the greatest 
abundance in the Middle States. In the Southern States, it is 
known as Spruce Pine and ShorUleaved Pine, 

Long-leaved Pine, or Southern Pine, (Pintis Australis.) This 
tree has but little sap-wood : and the resinous matter is umformly 
distributed throughout the heart-wood, which presents a fine com- 
pact srain, having more hardness, strength, and durability, than 
any otner species of the pine, owing to which qualities the timber 
is m very great demand. 

The tree is first met with near Norfolk, Virginia, and from this 
point south, it is abundantly found. 

White Pine, or Northern Pine, {Pinus Strobus.) This tree 
takes its name from the color of its wood, which is white, soft, 
light, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell- 
mg in damp weather. Its timber is, however, in great demand 
as a good building material, being almost the only kind in use in 
the Eastem and Northern States, for the frame-wark and joinery 
of houses, &c. 
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The finest specimens of this tree grow in the forests of Maine. 
It is found in great abundance between the 43d and 47th paral- 
lels, N. L. 

201. Among the forest trees in less general use than the oak 
and pine, the Locusty the Chesnut, the Red Cedary and the Larch, 
hold the first place for hardness, strength, and durability. They 
are chiefly used for the frame-work of vessels. The chesnut, the 
locust, and the cedar, are preferred to all other trees for posts. 

202. The Black, or Double Spruce, {Abies Nigra,) also af- 
fords an excellent material, its timoer being strong, durable, and 
light. 

203. The Juniper or White Cedar, and the Cypress, are very 
celebrated for afiording a material, which is very Ught, and of 
great durability, when exposed to the weather ; owinc to these 
qualities, it is almost exclusively used for shingles and other ex- 
terior coverings. These two trees are found, in great abundance, 
in the swamps of the Southern States. 

METALS. 

204. The metals in most common use in constructions are 
Iroriy Copper, Zincy 7\'n, and Leod. 

IRON. 

205. This metal is very extensively used for the purooses of 
the engineer and architect, both in the State of Gast troriy and 
Wrought Iron. 

206. Gast Iran is one of the most valuable building materials, 
owing to its great strength, hardness, and durability, and the ease 
with which it can be cast, or moulded, into the best forma, for 
the purposes to which it is to be applied. 

207. Cast iron is divided into two principal varieties, the Gray 
cast iroUy and White cast iron, There exists a very marked dii- 
ference between the properties of these two varieties. There 
are, besides, many intermediate varieties, which partake more or 
less of the properties of these two, as they approach, in their ex- 
temal appearances, nearer to the one or tne other. 

208. Gray cast iron, when of a good qualily, is slightly malle- 
able in a cold State, and will yield readily to me action of the file, 
when the hard outside coating is removed. This variety is also 
sometimes termed soft ^y cast iron ; it is softer and tougher 
than the white iron. When broken, the surface of the fracture 
presents a granulär structure ; the color is gray ; and the lustre 
is what is termed metallic, resembUng small brilliant particles of 
lead strewed over the surface. * 

209. White cast iron is very hard and brittle ; when recently 
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broken, the suiface of the fracture presents a distinctly-inaiked 
(arystalline* fitructure ; the color is weite ; and lustre vitreous, or 
bearing a resemblance to the reflected light from an aggregation 
of smaU crystals. 

210. Mr. Mallet, in a veiy able Report made to the British 
Association for the Advancement of Science, remarking on the 
great want of uniformity, among manufacturers of iron, in the 
terms used to describe its difierent varieties, proposes the follow- 
ing nomenclature, as comprising eveiy variety, with their distinc- 
tive characters. 

Silvery. Least fusible ; thickens rapidly when fluid by a 
spontaneous puddling ; crystals vesicular, onen crystalline ; in- 
capable of being cut by cmsel or file ; ultimate col^sion a maxi- 
mum ; elastic ränge a minimum. 

Micaceous. Very soft ; greasy feel ; pecuUar micaceous ap- 
pearance generally owing to excess of manganese ; soils the fin- 
gers strongly ; crystals large ; runs very fluid ; c(»itraction large. 

Mottled. Touffh and hard ; filed or cut with difficulty ; crys- 
tals large and small mixed ; sometimes runs thick ; contraction in 
cooling a maximum. 

Bright Gray, Toughness and hardness most suitable for 
working ; ultimate cohesion ancT elastic ränge generally are bal- 
anced most advantageously ; crystals uniform, very minute. 

Dull Gray. Less tough than the preceding ; other characters 
älike ; contraction in cooIing a minimum. 

Dark Gray. Most fusible ; remains long fluid ; exudes graphite 
in coohng ; soils the fingers ; crystals large and lamellar ; ultimate 
cohesion a minimum, and elastic ränge a maximum. 

21 1. The gray iron is most suitable where strength is required ; 
and the white, where hardness is the principal requisite. 

212. The color and lustre, presented by the suitace of a recent 
fracture, are the best indications of the quality of iron. A uni- 
form dark gray color, and high metalUc lustre, are indications of the 
best and strengest. With the same color^ but less lustre, the iron 
will be found to be softer and weaker, and to crumble readily. 
Iron without lustre, of a dark and mottled color, is the softest and 
weakest of the gray varieties. 

Iron' of a Ught gray color and hiffh metallic lustre, is usually 
very hard and tenacious. As the color* approaches to white, and 
the metallic lustre changes to vitreous, hardness and brittleness 
become more marked, until the extremes of a dull, or grayish white 
color, and a very high vitreous lustre, are attained, which are the 
indications of the hardest and most brittle of the white variety. 

213. The quality of cast iron may also be tested, by striking a 
smart stroke with a hammer on the edge of a casting. If tiie 
blow produces a slight indentation, without any appearance of 
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firacture, it shows that the iron is slightly malleable, sind, there- 
fore, of a good quality ; if, on the contrary, the edge is broken, it 
indicates brittleness in the material, and. a consequent want of 
strength. \ 

214. The strength of cast iron varies with its density ; and this 
element depends upon Üie temperature of the metal when drawn 
from the fumace ; the rate of cooling ; the head of metal under 
which the casting is made ; and the bulk of the casting. 

215. The density of iron cast in vertical moulds increases, ac- 
cording to Mr. Mailet's experiments, very rapidly from the top 
downward, to a depth of about four feet below the top ; from this 
point to the bottom, the rate of increase is very nearly wiiform. 
All other circumstances remaining the same, the density decreases 
with the bulk of the casting ; hence large are proportionally 
weaker than small castings. 

216. From all of these causes, by which the strength of iron 
may be influenced, it is very difficult to judge of the quality of a 
Casting by its extemal characters ; in general, however, if the 
exterior presents a uniform appearance, devoid of marked ine* 
qualities of surface, it will be an indication of uniform strength. 

217. The economy in the manufacture of cast iron, arising 
from the use of the hot blast, has naturally directed attention to 
the comparative merits between iron prdduced by this process 
and that from the cold blast. This subject has been ably inves- 
tigated by Messrs. Fairbaim and Hodgkinson, and their results 
publishea in the Seventh Report of the British Association, 

Mr. Hodgkinson remarks on tnis subject, in reference to the 
results of his experiments : ** It is rendered exceedingly probable 
äiat the introduction of a heated blast into Üie manuracture of 
cast iron, has injured the softer irons, while it has frequently 
mollified and improved those of a harder nature ; and considering 
the small deterioration that" some ^* irons have sustained, and the 
a^arent benefit to those of" others, " together with the great saring 
efl^cted by the heated blast, there seems good reasonfor the pro- 
cess becoming as general as it has done." 

218. From a number of specific gravities given in these Re- 
ports, the mean specific gravity of cold blast iron is nearly 7.091, 
that of hot blast 7.021 . 

219. Mr. Fairbaim concludes his R^ort with these observa- 
tions, as the results of the investigations of himself and Mr. Hodg- 
kinson : ** The Ultimatum of our inquiries, made in this way, 
Stands, therefore, in the ratio of strength, 1000 for the cold blast, 
to 1024.8 for the hot blast ; leaving the small fractional difference 
of 24.8 in favor of the hot blast." 

^' The relative powers to sustain impact, are likewite in favor 
of the hot blast, being in the ratio of 1000 to 1226.3«" 

8 
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220. Wrought Iron, The color, lustxe, and texture of a recent 
firactore, present, also, the most certain indications of the quality 
of WTOugnt iron. The firacture submitted to ezamination, should 
be of bars at least one inch Square ; or, if of flat bars, they should 
be at least half an inch thick ; otherwise, the texture will be so 
greatly changed, arising firom the greater elongation of the fibres, 
in bars of smaller dimensions, as to present ncme of those dis- 
tinctive differences observable in the firacture of large bars. 

221. The surface of a recent firacture of good iron, presents a 
clear eray color, and high metaUic lustre ; the texture is granulär, 
and the grains have an elongated shape, and are pointed and 
sUghtly crooked at their ends, giving the idea of a powerful force 
having been employed to proauce the fracture. When a bar, 
presenting these appearances, is hanunered, or drawn out into 
small bars, the surface of fracture of these bars will have a very 
marked fibrous appearance, the filaments being of a white color 
and very elongated. 

222. When the texture is either laminated, or crystalline, it is 
an indication of some defect in the metal, arising either firom the 
mixture of foreign ingredients, or eise firom some neglect in the 
process of forging. 

223. Bumt iron is of a clear gray color, with a slight shade 
of blue, and of a slaty texture. It is soft and britde. 

224. Cold short irariy or iron that cannot be hämmered when 
cold without breaking, presents nearly the same appearance as 
bumt iron, but its color inclines to white. It is very hard and 
brittle. 

225. Hot short iron, or that which breaks under the ham- 
mer when heated, is of a dark color without lustre. This de- 
fect is usually indicated in the bar by numerous cracks on the 
edges. 

226. The fibrous texture, which is developed only in small 
bars by hammering, is an inherent quality of^ good iron ; those 
varieties which are not susceptible of receiving this pecuUar tex- 
ture, are of an inferior quality, and should never be used for pur- 
poses requiring great strength : the filaments of bad varieties are 
short, and the fracture is of a deep color, between lead gray and 
dark gray. 

227. The best wrought iron presents two varieties ; the Hard 
and Soft. The hard variety is very strong and ductile. It pre- 
serves its granulär texture a long time under the action of the 
hammer, and only developes the fibrous texture when beaten, or 
drawn out into small rcäs: its filaments then present a silver 
white appearance. 

228. The soft variety is weaker than the hard ; it yields easily 
to the hammer ; and it commences to exhibit, under its action, 
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the fibrous texture in tolerably larse bars. The color of the 
fibres is between a silver white and lead gray. 

229. Iron may be naturally of a good quality, and still, from 
being badly refined, not present the appearances which are re- 
garded as sure indications of its excellence. Among the defects 
arising from lliis cause are blisters, flaws, and cmder-holes. 
Generally, however, if the surface of fracture presents a texture 
partly crystaUine and pardy fibrous, 'or a fine granulär texture, in 
whicn some of the srains seem pointed and crooked at the point», 
together with a li^t gray color without lustre, it will indicate 
natural good qualities, which require only careful lefining ta be 
fully developed. 

230. The strength of wrought iron is very variable, as it d&- 
pends not only on the natural qualities of the metal, but also upon 
the care bestowed in forging, and the greater or less compres- 
sion of its fibres, when drawn or hammered into bars of difierent 
sizes. 

231. In the Report made by the sub-committee, Messrs. John- 
son and Reeves, on the strengtn of Boiler Iron, {Journal of Frank- 
lin Institute^ vol. 20, New Series,) it is stat^ that the foUowing 
Order of superiority obtains amonff the different kinds of pig 
metal, wilh respect to the malleable iron which they fumish : — 
1 Lively gray ; 2 White; 3 Mottled gray ; 4 Dead gray ; 

* 5 Mixea metals, 

The Report states, '' So far as these cxperiments may be con-> 
sidered decisive of the question, they favor the lighter complexion 
of the cast metal, in preference to the darker and mottled varie* 
ties; and they place the mixture of different sorts among the 
worst modifications of the material to be used, where the object 
is mere tenacity." 

232. These experiments also show that piling iron of different 
degrees of fineness in the same plate is injurious to its quality, 
owing to the consequent inequahty of the welding. 

233. From these experiments, the mean specific grarity of 
boiler iron is 7.7344, and of bar iron 7.7254. 

234. Durability of Iron. The durabiUty of iron, under the 
different circumstances of exposure to which it may be submitted» 
depends on the manner in which the casting may have been made ; 
the bulk of the piece employed ; the more or less homogeneous- 
ness of the mass ; its density and hardness. 

235. Among the most recent and able researches upon the ac- 
tion of the ordinary corrosive affents on iron, and the preservative 
means to be employed against mem, those of Mr. Maltet, given in 
the Report already mentioned, hold the first rank. A brief re- 
capitulation of the most prominent conclusions at which he has 
arrived, is all that can be attempted in this place. 
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236. When iron is only pardy immersed in water, or whoUy 
immersed in water composed of strata of different densities, like 
that of tidal rivers, a voitaic püe of one solid and two fluid bodies 
is fonnedy which causes a more rapid coirosion than when the 
liquid is of uniform density. 

237. The corrosive action of the foul sea water of docks and 
harbors is far more powerful than lliat of clear sea, or firesh water, 
owing to the action of the hydro-sulphuric acid which, being dis- 
engaged firom the mud, impregnates the water, and acts on the 
iron. 

238. In clear fresh river water, the corrosive action is less than 
under any other circumstances of immersion ; owinff to the ab- 
sence of corrosive agents, and the firm adherence of the oxide 
formed, which presents a hard coat that is not washed off as in 
sea water. 

239. In clear sea water, the rate of coirosion of iron bars, one 
inch thick, is from 3 to 4 tenths of an inch for cast iron in a Cen- 
tury, and about 6 tenths of an inch for wrought iron. 

240. Wrought iron corrodes more rapidly in hot sea water than 
under any other circumstances of immersion. 

241 . The same üron when chill cast corrodes more rapidly than 
when cast in green sand ; this arises from the chiU^ surface 
bein^ less uniform, and therefore forming vohaic couples of iron 
of different densities, by which the rapidity of coirosion is in- 
creased. 

242. Castings made in dry sand and loam are more durable 
under water than those made in green sand. 

243. Thin bars of iron corrode more rapidly llian those of more 
bulk. This difference in the rate of corroaion is more striking in 
the soft, or graphitic specimens of cast iron, than in the hard and 
silveiy. It is caused by the more rapid rate of cooling in diin 
than in thick bars, by which the density of the surface of the for- 
mer becomes less uniform. These causes of destructibiUty may, 
in some degree, be obviated in Castings composed of ribbed 
pieces, by making the ribs of equal tmckness with the main 
pieces, and causing them to be cooled in the sand, before Strip- 
ping the moulds. 

244. The hard crust of cast iron promotes its durabihty ; when 
this is removed to the depth of one fourth of an inch, the iron cor- 
rodes more rapidly in both air and water. 

245. Corrosion takes place the less rapidly in any variety of 
iron, in proportion as it is more homogeneous, denser, harder, and 
closer grained, and the less graphitic. 

246. The more ordinary means used to protect iron against 
the action of corrosive agents, consist of paints and vamishes. 
These, under the usual circumstances of atmospheric exposure, 
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aie of but slight efficacy, and require to be frequenüy renewed. 
In water, they are all rapidly destroyed, with the exception of 
boiled coal*tar, which, when laid on hot iron, leaves a bnght and 
solid Yarnish of considerable duiability and protective power. 

247. The rapidly increasing purposes to which iron has been 
applied, within the last few years^ has led to researches upon the 
agency of electro^hemical action, as a means of protecting it fröm 
corrosion, both in air and water. Among llie processes resorted 
to for this purpose, that of zincking, or as it is more commonly 
known, gauvanizing iron has been most generally introduced. 
The experiments of Mr. Mallet, on this process, are decidedly 
a^ainst zinc as a permanent electro-chemical protector. Mr. 
Mallet statesy-as the resultof his observations, that zinc applied in 
fusion, in the ordinary manner, over the whole surface of iron, 
will not preserve it Ibnger than about two years ; and that, so 
soon as oxidation commences at any point of the iron, the protec- 
tive power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mallet concludes, ^* On the whole, it may be 
affirmed that, under all circmnstances, zinc has not yet been so 
applied to iron, as to rank as an electro-chemical protector to- 
wards it in die strict sense ; hitherto it has not become a preveiv 
tive, but merely a more or less effective palliative to destruction." 

248. In extending his researches on lliis subject, with alloys 
of copper and zinc, and copper and tin, Mr. Mallet found that tne 
alloys of the last metals accelerate the corrosion of iron, when 
Toltaically associated with it in sea water ; and that an alloy of 
the two first, represented by 2dZn + 8Cu, in contact with iron, 
protects it as fuUy as zinc alone, and suffers but little loss firom 
the electro-chemical action ; thus presenting a protective en- , 
ergy more permanent and invariable than that of zinc, and giving 

a nearer approximation to the Solution of the problem, " to obtain 
a mode of electro-chemical protection such, that while the iron 
shall be preserved the protector shall not be acted on, and whose 
protection shall be invariable." 

249. In the course of his experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
bright cast iron, wnen immersed in sea water and voltaically as^ 
sociated with it, that although oxidation will not be prevented on 
either, it will still be greatly retaided on the haid, at the expense 
of the soft iron. 

250. In concludinff the details of his important researches on 
this subject, Mr. Mallet makes the following judicious remarks : 
" The engineer of observant habit will soon have perceived, that 
in exposed works in iron, equaUty of section or scantling, in all 
parts sustaining equal strain, is far from ensuring equal passive 
power of permanent resistance, unless, in addition to a general 
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aUowance for loss of substance by corrosion, this latter element 
be so prorided for, that it shall be equaUy balanced over the whole 
structure ; or, if not, shall be compelled to confine itself to por> 
tions of the general stnicture, which may lose substance witnout 
injuring its stability." 

'' The principles we have already established sufficiently guide 
US in the modes of effecting this ; regard must not only be had to 
the contact of dissimilar metals, or of the same in dissimilar fluid s, 
but to the scantling of the casting and of its parts, and to the con- 
tact of cast iron with wrought iron or steel, or of one sort of cast 
iron with another. Thus, in a Suspension bridge, if the Unks of 
the chains be hanmiered, and the pins roUed, die latter, where 
equally exposed, will be eaten away long before the former. In 
marine steam-boilers, the rivets are hardened by hammering until 
cold ; the plates, therefore, are corroded through round the rivets 
before these have suffered sensibly ; and in the air-pumps and 
condensers of engines working vrith sea water, or in pit wprk, and 
pumps lifting mineralized or 'bad' water from mines, the cast 
iron perishes first round the holes through which wrought-iron 
bolts, &c., are inserted. And abundant other instances might be 
given, shovnng that the effects here spoken of are in practical 
Operation to an extent that should press the means of counteract- 
ing them on the attention of the engineer." 

251. Since Mr. Mallet's Report to the British Association, he 
has invented two processes for the protection of iron from the ac- 
tion of the atmosphere and of water ; the one by means of a coat- 
ing formed of a triple alloy of zinc, mercuiy, and sodium, or po- 
tassium ; the other by an amalgam of paUadium and mercury. 

252. The first process consists of forming an alloy of the metals 
used, in the following manner. To 1292 parts of zinc by weight, 
in a State of fiision, 202 parts of mercury are added, and the 
metals are well mixed, by stirring with a rod of dry wood, or one 
of iron coated with clay ; sodium, or potassium is next added, in 
small quantities at a time, in the proportion of one pound to every 
ton by weight of the other two metals. The iron to be coated 
with this alloy is first cleared of all adhering oxide, by immersing 
it in a warm dilute Solution of sulphuric, or of hydro-chloric acid, 
washing it in clear cold water, and detaching all scales, by striking 
it with a hammer ; it is then scoured clean by the band with sand, 
or emery, under a small stream of water, until a bright metallic 
lustre is obtained ; while still wet, it is immersed in a bath formed 
of equal parts of the cold saturated Solutions of chloride of zinc 
and sal-ammoniac, to which as much more solid sal-ammoniac is 
added as the Solution will take up. The iron is allowed to re- 
main in this bath until it is covered by minute bubbles of gas ; it 
is then taken out, allowed to drain a few seconds, and plunged 
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into the fused alloy, from which it is withdrawn so soon as it has 
acquired the same temperature. When taken from the metallic 
baUi, the iron should be plunged in cold water and well washed. 

253. Care must be taken Uiat the iron be not kept too long in 
the metallic bath, othierwise it may be fused, owing to the great 
affinity of the alloy for iron. At the proper fusing temperature 
of the alloy, about 680° Fahr., it will dissolve plates of iron one 
eighth of an inch thick in a few seconds ; on this äccount, when- 
ever small artides of iron have to be protected, the affinity of the 
alloy for iron should be satisfied, by fusing some iron in it before 
immersing that to be coated. 

254. The other process, which has been termed palladiumizing^ 
consists in coatin^ the iron, prepared as in the first process for 
the reception of the metalUc coat, with an amalgam of palladium 
and mercury. 

COPPER. 

265. The most ordinaiy and useful appUcation of this metal in I 

constructions, is that of sheet copper, wmch is used for roof cov- i 

erings, and like purposes. Its durability under the ordinary ! 

changes of atmosphere is very great. Sheet copper, when quite 
thin, is apt to be defective, foom cracks arising from the process 
of drawing it out. These may be rernedied, when sheet copper 
is to be used for a water-tight sheathing, by tinning the sheets on 
one side. Sheets prepared in this way have been found to be very 
durable. 

The alloys of copper and zinc, known under the name of brass, 
and those of copper and tin, known as bronze, gun-metaly and 
hell-metaly are, in some cases, substituted for iron, owing to their 
superior hardness to copper, and being less readily oxidized than 
iron. 

ZINC. 

256. This metal is used mostly in the form of sheets ; and for 
water-tight sheathings it has nearly displaced every other kind of 
sheet metal. The pure metallic surface of zinc soon becomes 
covered with a very thin, hard, transparent oxide, which is un- 
changeable both in air and water, and preserves the metal beneath ' 

it from farther oxidation. It is this property of the oxide of zinc, , 

which renders this metal so valuable for sheathing purposes ; but ; 

its durabiUty is dependent upon its not being brought into contact I 

with iron in the presence of moisture, as the galvanic action which 
would then ensue, would soon destroy the zinc. On the same 
account zinc should be perfectly free nrom the presence of iron, 
as a very small quantity of the oxide of this last metal when con- 
tained in zinc, is found to occasion its rapid destruction. 
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257. Besides the alloys of adnc already mentioned, this metal 
alloyed with copper foims one of the most useful solders ; and 
its alloy with lead has been proposed as a cramping metal for 
unitixig the parts of iron work together, or iron work to other ma- 
terials, in the place of lead, which is usualiy employed for this 
purpose, but which accelerates the destruction of iron in contact 
with it. 

TIN. 

258. The most useful application of lin is as a coating for 
sheet iron, or sheet com>er : uie alloy which it forms, in this waj, 
upon the surfaces of the metals in questicm, preserves them fOT 
some time from oxidation. Alloyed with leaa it fonns one of the 
most useful solders. 

LEAD. 

259. Lead in sheets forms a very good and durable roof cover- 
ing, but it is 'inferior to both copper and zinc in tenacity and 
durability ; and is very apt to tear asunder on inclined surfices, 
particularlv if covered with other materials, as in the case of the 
capping of water-tight arches. 

PAINTS AND VARNKHEa 

260. Paints are mixtures of certain fixed and volatile oils, 
chiefly those of linseed and turpentine, with several of the metal- 
lic salts and oxides, and other substances which are used either 
as pigments, or to give what is termed a body to the paint, and 
also to impfove its dryinff properties. 

261. Paints are maimv used as protective a^ents to secure 
wood and metals from the destructive action of air and water. 
This they but imperfectly effect, owing to the unstable nature of 
the oils that enter into their composition, which are not only de- 
stroyed by the very agents against which they are used as pro- 
tectors, but by the chemical changes which result from the action 
of the Clements of the oil upon the metallic salts and oxides. 

262. Paints are more durable in air than in water. In the lat- 
ter dement, whether fresh or salt, particularly if foul, paints are 
soon destroyed by the chemical changes which take place, both 
from the action of the water upon the oils, and that of the hyxiro- 
sulphuric acid contained in foul water upon the metallic salts and 
Oxides. 

263. However carefully made or applied, paints soon become 

Eermeable to water, owing to the very minute pores which arise 
om the chemical changes in their constituents. These changes 
will have but little influence upon the preservative action of paints 
upon wood exposed to the effects of the atmosphere, provided the 
wood be well seasoned before the paint is apphed, and that the 
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latter be renewed at suitable intervals of time. On metals these 
changes have a very important bearing. The permeability of the 
paint to moisture causes the surface of the metal under it to rust, 
and this cause of destruction is, in most cases, promoted by the 
chemical changes which the paint undergoes. 

264. Vamishes are Solutions of various resinous substances 
in solvents which possess the property of drying rapidly. They 
are used for the same puiposes as paints, and have generaUy the 
same defects. 

265. The following are some of the more usual compositions 
of paints and .vamishes. 

White Painty {for exposed toood.) 

White lead, groand in oil .80 

Boiled oil 9 

Rawoil • .9 

Spirits turpentine 4 

The white lead to be ground in the eil, and the spiiits of tur- 
pentine added. 

Black Point. 

Lamp-blaok S8 

Litharge 1 

Japan yarnish 1 

Linseed oil, boiled 73 

Spirits turpentine 1 

Lead Cohr. 

White lead, gionnd in oil .TS 

Lamp-black ,1 

Boiled linseed oil S3 

Litharge 0.6 

Japan yamith 0.5 

Spirits turpentine 9.6 

Cfray^ or Stone Color, (Jor buUdings.} 

White lead groand in oü .78 

Boiled oil 9.5 

Raw oil 9.5 

Spirits of turpentine .... 3 

Tarkey umber 0.6 

LaDip4>lack 0. 

Lackers for Cast Iren. 

1. — ^Blaek lead, polyerised .... 19 

Red lead 19 

Litharge 6 

Lamp-black 6 

Linseed oil * 90 

9 
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3. — ^Anti-corrosion . * 
Grant's black, ground in oü - . 
Red lead, as a dxyer ... 
Linseed oil . . . ... 

Spiriu tnipentine . ... 


. 40]bi. 

. 4 " 
3 " 

. 4gals. 
1 pint. 


Copal Vartäsh. 




Gnm copal, (in clean lampa) . 
Boiled linseed oil . 


. 36.6 
. 43.6 


Spiriu tuipentine .... 


. 31 


Japan VarrUsh. 


• 


Litharge 
Boiled oil 

Spirito turpentine . 
Red lead 
Umber . 
Gam.8hellae . 
Sug^r of lead 
White ▼itriol . 


• • • 

• • • 

• • • 
• • • • 
» • « • 
» • • • 


4 
. 87 
S 
6 
1 
8 
3 
1 



The proportions of the above compositioiis are given for 100 
parts, by weicht, with die excepticm ot lacker 2. 

The beautiml black polish on the Berlin castinp for ornamental 
purposes, is said to be produced by laying the loUowing compo- 
sition on the hot iron, and then baking it. 

Bitumen of India . . ■ . . 0.6 

Resin 0.6 

Drying oil 1.0 

Copal, or amber yarniah . . .1*0 

Enouffh oil of turpentine is to be added to this mixture to make 
it spread. 

266. From experiments made by Mr. Mallet, on the preserva- 
tive properties oi paints and yamishes for iron immersed in water, 
it appears that caoutchouc vamish is the best for iron m hot 
water, and asphaltum varnish under all other circumstances ; but 
that boiled coal-tar, laid on hot iron, forms a superior coating to 
either of the foregoing. 

267. Mr. Mallet recommends the following compositions for a 
paint, termed by him zoofagous paint, and a yamish to be used 
to preserte zincked iron both from corrosion and firom fouling in 
sea water. 

Vamish for zincked Iron. 

To 50 Ibs. of foreign asphaltmn, melted and boiled in an iron 
yessel for three or four hours, add 16 Ibs. of red lead and litharge 
gromid to a fine powder, in equal proportions, with 10 gals. of 
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drying'fibseed oil, and bring the whole to a nearly boiling tem- 
perature. Melt, in a second vesdel, 8 Ibs. of gum^anim^ ; to 
which add 2 eals. of drying Unseed oil at a boiling heat, with 12 
Ibs. of caioutcnouc pardally dissolved in coal-tar naphtha. Pour 
the Contents of the second vessel into the first, and boil the whole' 
ffently, until the varnish, when taken up between two spatulas, is 
lound to be tough and topy. This composition, when quite cdd^ 
is to be tliinned down for ttse with firom 30 to 35 gals. of spirits- 
of turpentine, or of coal naphtha. 

268. It is reconnnendea that the ii<on shouM be heated before 
receiving this yamish, and that it should be applied with a spatulst^ 
or a flexible slip of faom, instead of the otdinary brush. 

When dry and hard, it is i^ted that this Tarnish is not acted 
npon by any moderately dilnted acid, or alkali ; and, by long im- 
mersion in water, it does not forma partially soluble hydrate, ä# 
16 the case with purely resinous vamishes and oil paints. It caA 
with difficulty be remoyed by a sharp-pointed tool ; and is sa 
elastic, that a plate of iron covered with it may be bent seTeral 
times before it will become detached. 

Zoofagous Point. 

269. To 100 Ibs. of a mixture of drying linseed oil, red lead, 
sulphate of barytes, and a little spirits of turpentine, add 20 Ibsf. 
of the oxychloride of copper, ana 3 Ibs. of yellow soap and com* 
mon rosin, in equal proportions, with a little water. 

When zincked iron is exposed to the atmosphere alone, the var-' 
nish is a sufficient protection for it ; but when it is inunersed itt' 
sea water, and it is desirable, as in iron ships, to prevent it £rom 
fouling, by marine plants and animals attacning themselves to it^ 
the paint should be used, on account of its poisonous qualities. 
The paint is applied over the rarnish, and is allowed to havdeft 
three or four days before immer^ion. 



RESULTS OF EXPERIMENTAL RESEARCHES ON THE 
STRENGTH OF MATERIALS. 

270. Whatever may be the physical stnicture of materialei, 
whether fibrous or granulär, experiment has shown that they all! 
possess certain general properties, among the most imp<»tant df 
which to the engineer are those of contraction, elongationy de» 
flection, torsion^ and lateral adJtesum, and the resistances which 
these offer to the forces by which they are called into acitieBv ' - 
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271. All solid bodies, when submitted to strains by wluch any 
of these properties are developed, have, within certain limits, 
termed the limits of elastidty^ the property of wholly orjpartially 
resuming their original State, ^hen the strain is taken off. This 
property is usually denominated the elastic force, and has for its 
measure, in the case of contraction, or elongation, the ratio be- 
cween the force which causes the one or the other of these states 
and the fraction which measures the degree of contraction, or 
elongation. 

272. To what extent bodies possess the property of total re- 
covery of form, when relieved from a strain, is still a matter of 
doubt. It has been cenerally assumed, that the elasticity of a 
material does not undergo permanent injury by any strain less 
than about one third of that which would entirely destroy its force 
of cohesion, thereby causing rupture. But from the most recent 
eiqperiments on this point made by Mr. Hodgkinson on cast iron, 
it appears that the restoring power of this material is destroyed by 
f ery slight strains ; and it is rendered probable that this and most 
other materials receive a permanent change of form, or set, wider 
any strain, however smaU. 

273. The extension, or contraction of a solid, may be effected 
either by a force acting in the direction in which the contraction, 
or elongation takesplace, or by one acting transversely, so as to 
bend the body. Experiments have been made to ascertain, di- 
rectly, the Proportion between the amomit of contraction, or elon- 
gj&tion, and the forces by which they are produced. From these 
Ojq^eriments, it results, that the contractions, or elongations are, 
within certain limits, proportional to the forces, but that an equal 
amount of contraction, or elongation, is not produced by the same 
amount of force. From the experiments oi Mr. Hodgkinson and 
M. Duleau, it appears, that in cast and malleable iron the con* 
tiaction, or elongation, caused by the same amount of pressure, 
01 tension, is nearly equal ; wnile in timber, according to Mr. 
Hodgkinson, the amount of contraction is about four fifths of the 
dongation for the same force. 

274. When a solid of any of the materials used in construc- 
tions is acted upon by a force so as to produce deflection, experi- 
ment has shown that the fibres towards the concave side of the 
bent solid are contracted, while those towards the convex side 
are elongated ; and that, between the fibres which are contracted 
and those which are elongated, others are found which have not 
undergone any change of length. The part of the soUd occupied 
by these last fibres has received the name of the neutral line^ or 
neutral axis, 

275. The hypothesis usually adopted, with respect to the cir- 
cumstances attending this kind of strain, is that the contractions 
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and elongations of the fibres on each side of the neatral axis are 

Sroportional to their distances from this line ; and that, for slighl 
eflections, the neutral axis passes through the centre of ^avity 
of the sectional afea. From experiments, however, by Mr. Hodg- 
kinson and Mr. Barlow, it appears that the neutral axis, in forg^ 
iron and cast iron, lies nearer to the concave than to the convex 
surface of the beut solid, and, probably, shifts its position when 
the degree of deflection is so great as to cause rupture. In tim- 
ber, according to Mr. Barlow, the neutral axis lies nearest to the 
convex surface ; and, from his experiments on solids of foi^ed 
iron and timber with a rectangular sectional figure, he places the 
neutral axis at about three eighths of the depth of the section from 
the convex side in timber, and between one third and one fifth of 
the depth of the section from the concave side in forged iron. 

276. When the strain to which a solid is subjected is suffi- 
ciently great to destroy the cohesion between its particies, and 
cause rupture, experiment has shown that the force producing 
this effect, whether it act by tension, so as to draw the fibres 
asunder, or by compression, to crush them, is proportional to the 
sectional area of the solid. The measure, therefore, of the re- 
sistance offered by a solid to rupture, in either of these cases, is 
that force which will rupture a sectional area of die solid repre- 
sented by unity. 

277. From experiments made to ascertain the circumstances 
of rupture by a tensile force, it appears that the solid tom apart 
exhibits a surface of fracture more or less even, according to the 
nature of the material. 

278. Most of the experiments on the resistance to rupture 
by compression, have been made on small cubical blocks, and 
have given a measure of this resistance ^reater than can be de- 
pended upon in practical applications, when the height of the 
soUd exceeds three times the radius of its base. This point has 
been very ftiUy elucidated in the experiments of Mr. Hodg- 
kinson upon the rupture by compression of solids with circular 
and rectangular bases. These experiments go to prove, that the 
circumstances of rupture, and the resistance offered by the solid, 
Vary in a constant manner with its height, the base remaining the 
same. In columns bf cast iron, with circular sectional areas, it 
was found that the resistance remained constant for a height less 
than three times the radius of the base ; that, from this height to 
one equal to six times the radius of the base, the resistance still 
remained constant, but was less than in the former case ; and 
that, for any height greater than six times the radius of the base, 
the resistance decreased with the height. In the two first cases, 
the solids were found to yield either by the upper portion sliding 
off upon the lower, in the direction of a plane making a constant 



90 



BirUJ>INO M ATBRIALS. 



angle with the axis of the solid ; or eise by sepaxating into coni- 
cell or wedge-fihaped blocks, haYing the upper and lower surfaces 
of the sohd as their bases, the angle at the apex being double that 
made by the plane and axis of the solid. With'regard to the re- 
sistances, it was found that they yaried in the ratio of the area of 
the bases of the solids. Where the height of the sohd was greater 
than six times the radius of the base, rupture generally took place 
by bending. 

279. From experiments by Mr. Hodgkinaon, on wood and 
other substances, it would appear that hke circumstances accom- 
pany the rupture of all matenals by OHnpression ; that is, within 
certain limits, they all yield by an oblique surface of firacture, the 
angle of which with the axis of the solid is constant for the same 
material ; and that the resistances offered within these limits are 
proportional to the areas of the bases. 

1£B0. Among the most interesting deductions drawn by Mr. 
Hodgkinson, from the wide ränge of his experiments upon the 
strength of materials, is the one which points to the existence 
of a constant relation between the resistances oflfered by materials 
of the same kind to rupture from compression, tension, and a 
transyerse strain. The following Tab^ giyes these relations, 
assuming the measure of the crusoing force at 1000. 



DBtORIPTlOM or MATSEXAL. 


Cmabingforoeper 
■quam ineh. 


Mean tensUe forte 
per M|iiara Inch. 


Mean tnuiiverae fom 
of a bar 1 ineh aqnare 
and 1 foot long. 


Timber .... 
Gast iroD .... 

Stone 

Glass, (plate and crown) 


1000 
1000 
1000 
1000 


1900 
158 
100 
133 


85.1 
19.8 
9.8 
10 



281. Strength of Stone. The marked difference in the 
structure, and in the proportions of the component Clements fire- 
quently obseryed in stone from the same quarry, would lead to 
the conclusion that corresponding yariations would be found in 
the strength of stenes belonging to the same class ; a conclusion 
which experiment has c<Mimrmed. The experiments made by 
different indiyiduals on this subject, from not haying been con- 
ducted in the same manner» and from the Omission in most cases 
of details respecting the structure and component elements of the 
material tried, haye, in some instances, led to contradictory re- 
sults. A few fiäcts, hbweyer, of a general character haye oeen 
ascertained, which may serye as guides in ordinary cases ; but 
in imp<»rtant structüres, where heayy pressures are to be sus« 
tained, direct experiment is the only saie course for the engineer 
to fdlow, in selecting a material from untried quarries. 
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282. Owing to the ease with which stones generally break 
linder a percussive force, and from the comparatively slight re-^ 
sistance they offer to a tensile force, and to a transverse strain^ 
they are seldom submitted in structures to any other strain thaii 
one of compression ; and cases but rarely occur where this strain 
is not greatly beneath that which the better class of building[ 
stones can sustain permanently, without undergoing any chang0 
in their physical properties.. Where. the durability of the stone, 
therefore, is well ascertained, it may be safely usä without a re-^ 
sort to any specific experiment upon its strength, whenever, in 
its structure and general appearance, it resembles a material of 
the same class known to be good. 

283. The foUowing Table exhibits the principal results of ex-j 
periments made by Mr. G. Rennie, and published in the PJiilo^ 
sophical Transactions q/* 1818. The stones tried were in small 
cubes, measuring one and a half inches on the edge. The table 
gives the pressure, in tons, bome by each superficial inch of the 
stone at the moment of crushing. 
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Oranites, 



Aberdeen, {blue) 

Peterhead 

Cornwall 



Sand'Stanes. 



Dundee 

Do. . . . 

Derby, (red crndfriMe) 



Lime-stones, 

Marble, (white^veined Italian) 

Do. {white Brabant) 
Limerick, (block compact) 
Devonshire, (red marble) 
Portland stone, (fine-grained oolite) 



Speow gmvity. Omhingw'giit 



3.635 
3.663 



3.530 
3.506 
3.316 



3.736 
3.697 
3.598 



3.438 



4.83 
3.70 
3.83 



3.96 
3.70 
1.40 



4.33 
4.11 
3.95 
3.31 
3.04 



The following results are taken from a series of experiments 
made under the direction of Messrs. Bramah & Sons, and pub- 
lished in Vol. 1, Transactions of the Institution of Civil En-- 
gineers. The first column of numbers gives the weights, in tons, 
bome by each superficial inch when the stones commenced to 
fi^M^tnre ; the second column giyes the crushing weight, in tons, 
on the same suiface. 
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DBscBimoM or tTom. 



Granites 

Henne • 
Aberdeen, (hlue) 
Heytor . 
DartoQOor 
Peterhead, (red) 
Peterhead) (blue gray) 



Sand'Stones. 



Yorkshire 
Craigleith 
Humbic 
Whitby . 



Atwt. wttight pvo* 
doctiif tectnios. 



4.T7 
4.13 
3.94 
3.52 
2.88 
2.86 



2.87 
1.89 
1.69 
1.00 



Avenge cmshiBf 
w«ight. 



6.64 
4.64 
6.19 
5.48 
4.88 
i.36 



3.04 
2.97 
2.06 
1.06 



The foUowing Table is taken from one published in Vol. 2, 
Civil Engineer and Architecfs Journal, which forms a part of 
the Report on the subject of selecting stone for the New Houses 
of Parliament. The specimens submitted to ezperiment were 
cubical blocks measuring two inches on an edge. 



DBtcBirnoii or tToin. 


Specific pavity. 


Weight prodQ- 
cing flractorei 


CnuhUic w'glit 


8and'St<mes. 








Craigleith .... 
Darley Dale .... 

Heddon 

Kenton 

Mansfield .... 


2.232 
2.628 
2.229 
2.247 
2.338 


1.89 
2.75 
0.82 
1.51 
0.88 


3.5 

3.1 

1.75 

2.21 

1.64 


Magnesian lAme-stones* 








BolsoYer 

Huddiestone .... 
Roach Abbey .... 
ParkNook ' . . . . 


2.316 
2.147 
2.134 
2.138 


2.21 
1.03 
0.75 
0.32 


3.75 
1.92 
1.73 
1.92 


Odites. 








Ancaster ... 

BathBox 

Portland 

Ketton 


2.182 
1.839 
2.145 
2.045 


0.75 
0.56 
0.95 
0.69 


1.04 
0.66 
1.75 
1.18 


Idme-stones. 








Baniack 

Chilmark, (süicious) 

Hamhill 


2.090 
2.481 
2.260 


0.50 
1.32 
0.69 


0.79 
3.19 
1.80 



The numbers of the first coliunn give the specific gravities ; 
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those in the second column the weight in tons on a Square inch, 
when the stone commenced to fracture ; and those in the third 
the crushing weight on a Square inch. 

The foUowing Table exhibits the results of experiments on the 
resistance of stone to a transverse strain^ made by Colonel Pasley, 
on prisms 4 inches long, the cross section being a Square of 2 
inches on a side; the distance between the points of support 
3 inches. 



DBtcRimoif or rroMB. 


Weight of stone 
per cabie foot 
inlbs. 

1 


Avenfe breaUnf 
wel^t in Ibi. 


1. Kentish Rag 


165.69 


4581 


3. Yorkshire Landing 








147.67 


2887 


3. Cornish granite . 








173.24 


2808 


4. Portland 








148.08 


3683 


5. Craigleith . 








144.47 


1896 


6. Bath .... 








123.58 


666 


7. Weil-burned bricks 








91.71 


753 


8. Inferior bricka . 








— 


339 



284. The conductors of the experiments on the stone for the 
New Houses of Parliament, Messrs. Daniell and Wheatstone, 
who also made a chemical analysis of the stones, and applied to 
them Brard's process for testin^ their resistance to frost, hare 
appended the following conclusions firom their experiments: — 
** If the Sternes be divided into classes, according to their chemical 
composition, it will be found that in all stones of the same class 
there exists generally a close relation between their rarious phy- 
sical qualities. Thus it will be observed that tiie specimen which 
has the greatest specific gravity possesses the greatest cohesire 
strength, absorbs the least quantity of water, and disintegrates 
the least by the process which imitates the efiects of weather. 
A comparison of all the experiments shows this to be the general 
rule, thouffh it is liable to mdividual exceptions." 

^' But mis will not enable us to compare stones of different 
classes together. The sand-stones absorb the least quantity of 
water, but they disintegrate more than the magnesian lime-stones, 
which, considering their compactness, absorb a great deal." 

285. Rondelet, from a numerous series of experiments on the 
same subject, published in his work, Art de Bätir, has arrived 
at like conclusions with regard to the relations between the 
specific gravity and strength of stones belonging to the same 
class. 

286. Among the results of the more recent experiments on this 
subject, those obtained by Mr. Hodgkinson, showing the relation 

10 
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between the cruBhiiig, the tensile, and the transveise strength of 
stone, haTe already been given. 

M. Vicat, in a memoir on the same subject, published in the, 
Annales des Ponts et ChatissSeSy 1833, has arrived at an opposite 
coQclusion from Mr. Hodgkinson, statin^, as the results of his 
expenments, that no constant relation exists between the crush» 
ing and tensile stzength of stone in general, and that there is no 
odier means of determining these two forces, but by direct ex- 
periment in each case. 

287. The influence of fonn on the strength of stone, and the 
circumstances attending the rupture of hard and soft stones, have 
been made the subject of particular experiments by Rondelet and 
Yicat. Their experiments agree in establishing the points that 
the crushing weight is in proportion to the area of the base. 
Yicat States, more ffenerally, that the permanent weights borne 
by similar solids of stone, under like circmnstances, will be as 
the Squares of their homologous sides. These two audiors agree 
on the point that the circular form of the base is the most favor- 
able to strength. They differ on most other points, and particu- 
larly on the manner in which the different kinds of ston&yield by 
rupture. 

288. Practical Deductions,. Were< stones placed under the 
same drcumstances in «truetures as in^the experiments made to 
ascertain their strength, there would be np dimculty in assigning 
what fractional part of the weight which, in the comparatively 
short period usually eiyen to an experiment, will crush them, 
could be borne by them permanently with safe^. But, in* 
dependendy of the accideutal causes of destruction to which 
structures are exposed, imperfections. in the material itself, as 
well as careless workmanship, from which it is often placed 
in the most unfavcwabla circumstances of resistance, require to 
be guanled against. M. Yicat, in the memoir before-mentioned, 
States that a permanent strain of j\^ of the crushing force of ex- 
periment, may be borne by stone without danger of impairing its 
cohesive strength, provided it be placed under the most favorable 
circumstances of resistance. This fraction of the crushing weight 
of experiment is greater than ordinary circumstances would jus- 
tüy, and it is recommended in practica not to submit any stone 
to a greater permanent strain than one teuth of the crushing weight 
of experiments made on small cubes measuring about two incEes 
on an edge. 

The following Table shows the permanent strain, and crushing 
weiffht, for a Square foot of the stones in some of the most re- 
mankable structures in Europe. 
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Peniiaaeiit 


Cnuhing 


Pillars of the dorne of St. Peter's, (Rame) 


strain. 


weight. 


33330 


536000 


Do. St. Paulis, {London) . 


394ö<$ 


537000 


1 Do. St. Geuevi^e» (Paris) 


60000 


456000 


Do. Church of Toossaint, (^n^er#) . 


90000 


900000 


: IiQwer couraes of the piexs of the Bridge of Neuilly 


3600 


570000 



The stone employed in all the structures enumerated in the 
TablCj is some variety of lime-stone. 

• 389. Eoßpansitm of Stone from Heat. Experiments have been 
made in this countrv by Prof. Bartlett, and in England by Mr. 
Adie, to ascertain tne expansion of stone for every degree of 
Fahrenheit. The experiments of Prof. Bairtlett give the follow- 
ing results : 



Granite expanda for erery degree 
Marble " " 

Sand-stone '' '' 



.000004825 
.000005668 
.000009532 



Table ofthe Expansion of Stone, ä^., from the Experiments (^ 
Alexander J, Ädie,Civil Engineer, Edinburgh, 



»BscsiptioM or ITOmB. 



1. Roman cement . 

8. Slcillan white maible . 

3. Canan marble 

4. Sand-stone, (Oroigl«itk) 
S.81ate, (ITcIcA) . . . 

6. Redgraalte, (PetoHisai) 

7. Arbroath pavenieiit 

8. Calthness pavement 

9. Oreen-itone, (Raikt) i. 

10. Gny granite, (Jlberdet») 

11. Best stock brick . . 
lS.Firebrick . . . . 
13. Black marble» (Oo/way) 



Dceinialefao 
ineh en ü 
inehM fiir 
180*» F. 



XI330043 
.0335398 
J08S3946 
.0874344 
.0150105 
.0870003 



.0880416 



.0806658 

.0805788 

JOBBOia 

i)18156e5 

.(080543 

illl3334 

J)108304 



Dceimal of 
tonfth for 
180' F. 



4M)14349 

41014147 

.00110411 

.0011938 

.0006539 

.0011743 

.0010336 

.0009583 

.0008968 

J00OB985 

joooBMrr 

J00080e9 

.00078943 
.0005508 
J0004938 
.00044519 



Dtemuil of 
length for 



.00000750 
.00000780 
.00000613 
.00000663 
.00000363 
MnOOßSä 
J00000576 
.00000538 
.00000498 
JQ0000489 
.0000Qi4g7 
.00000449 
MOO0438 
.00000306 
.00000874 
0)0000347 



aomarka. 



One ezperiment, (wuisL) 

Mean of three, (dry*) 

One experiment, (m«ct(.)- 
i Mean «Mf two, (tfry.) 

Mean of foor experiments. 

Meaaofthree do. 
( One experiment, {muiti.) 
\ Mean of two, (dry.) . 

Mean of foor experiments. 

Mean of three do. 

Mean of three do. 

Mean of two do< 

Mean of two do. 

Mean of two do. 

Mean of three do. 



290. Strengt» of Mortars. A very wide ränge of experi- 
ments has been made, wkhin a few yeara back, by engineers ooth 
at home and abroad, upon the resistance offered by mortars to a 
transversal strain, with a view to compaxe their qualities, both as 
regards their constituent elements and the processes fcdlowed in 
their manipulation. As might naturally have been antidpated» 
these experiments have presented very diversified, and, in maiqr 
infttaAoesy ooQlxaiiiictory.resulta*' The general condasions^ how- 
ever, drav^n from them, Jbi^ve beea »esüAjilkey same in the majority 



. 170 


ponnda 


. 140 


u 


. 100 


M 


40 


M 


10 
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of cases ; and they fumish the engineer with the most reliable 
guides in this important branch of bis art. 

291. The usual method of conducting these experiments has 
been to subject small rectangular prisms of mortar, resting on 
points of Support at their extremities, to a transversal strain ap- 
plied at the centre point between the bearin^s. This, perhaps, 
is as unexceptionable and convenient a method as can be folloi^ed 
for testing the comparatiye strength of mortars. 

292. M. Vicat, in the work aiready cited, gives the foUowing 
as the average resistances on the Square inch offered by mortars 
to a force of traction; the deductions being drawn firom eiqperi- 
ments on the resistance to a transversal strain. 

Mortars of yery strong hydraulic lime 
" ordinary do. 

*' mediam do. 

^ common lime 

" do. (bad quality) 

These experiments were made upon prisms a year old, which 
had been exposed to the ordinary changes of weamer. With re- 

fard to the best hydraulic mortars of the same age which had 
een, during that same period, either immersed in water, er 
buried in a damp position, M. Vicat states that their average 
lenacity may be estunated at 140 pounds on the Square inch. 

293. Genera] Treussart, in bis work on hydrauhc and conunon 
mortars, has given in detail a large number of experiments on the 
transversal strength of artificial hydraulic mortars, made by sub- 
mitting small rectangular parallelopipeds of mortar six inches in 
length, and two inches Square, to a transversal strain applied at 
the centre point between the bearings, which were four inches 
apart. From these experiments he deduces the following prac- 
tical conclusions. 

That when the parallelopipeds sustain a transversal strain vary- 
ing between 220 and 330 pounds, the corresponding mortar will 
be suitable for common gross masonry ; but that for important 
hydraulic works the parallelopipeds should sustain, before yield- 
ing, from 330 to 440 pounds. 

294. The only published experiments on this subject made in 
this country are those of Colonel Totten, appended to bis transla- 
tion of General Treussart's work. The results of these experi- 
ments are of peculiar value to the American engineer, as they 
were made upon materials in very general use on the public 
works throughout the country. 

From these experiments Colonel Totten deduces the following 
general results : 

Ist. That mortar of hydraulic cement and sand is the stronger 
and haider as the quantity of sand is less. 
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. 2d. That common mortar is the stronger and harder as the 
quantity of sand is less. 

3d. That any addition of common lime to a mortar of hydraulic 
cement and sand weakens the mortar, but that a litde lime may 
be added without any considerable diminution of the strength of 
the mortar, and with a saving of ezpense. 

4th. The strenj^ of common mortars is considerably improyed 
by the addition of an artificial puzzdana, but more so by the ad^ 
dition of an hydraulic cement. 

5th. Fine sand generally gives a stronger mortar than coarse 
sand. 

6th. Lime slaked by sprinkling gaye better results than lime 
slaked by drowning. A few experiments made on air-slaked lime 
were uniayorable to that mode of slaking. 

7th. Both hydrauUc and common mortar yielded better results 
when made with a small quantity of water tnan when made thin. 

8th. Mortar made in the mortar-mill was found to be superior 
to that mixed in the usual way with a hoe. 

9th. Fresh water gave better results than salt water. 

295. Strength of Concrete and Beton. From experiments 
made on concrete, prepared according to the most approyed pro- 
cess in England, by Colonel Pasley, it appears that tnis material 
is yery inferior in strength to good brick, and the weaker kinds 
of natural stones. 

From experiments made by Colonel Totten on beton, the fol- 
lowing conclusions are drawn : 

That beton made of a mortar composed of hydraulic cement, 
common lime, and sand, or of a mortar of hydraulic cement and 
sand, without Ume, was the stronger as the quantity of sand was 
the smaller. But there may be 0.50 of sand, and 0.25 of com- 
mon hme, without sensible deterioration ; and as much as 1 .00 of 
sand, and 0.25 of lime, without great loss of streng. 

Beton made with just sufficient mortar to fill tne yoid Spaces 
between the fragments of stone was found to be less streng than 
that made with double this bulk of mortar. But Colonel Totten 
remarks, that this result is perhaps attributable to the difficulty 
of causiiig so small a quantity of mortar to penetrate the yoids, 
and unite all the fragments perfectly, in experiments made on a 
small Scale. 

The stronffest beton was obtained by using quite small frag- 
ments of brick, and the weakest firom small, rounded, stone grayel. 

A beton formed by pourinff grout among fragments of stone, or 
brick, was inferior in strengm to that made in the usual way with 
mortar. 

Comparing the strength of the betons on which the experi- 
ments were made, which were eight months old when tried, with 
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ihat of a wmphrxjf somd red Baood^stoiie of good quality, it ap- 
pears that the strongest prisms of beton were aoly half aa stroni^ 
as the aand-atone; 

296. St&enoth of Timbbr. A wide vai^ of expefiments 
has been made on the lesistance of timber to oompression, ex- 
tension, and a transyerse strain, presenting yery irariable resuhs. 
Among the most lecent, and which command the greatest confi- 
dence from the ability of their authors, are those of Professor 
Barlow and Mr. Hodgkinson : the former on the resistance to 
extension and a transverse strain;. the latter on that to com- 
pression. 

297. Resitiance to Extension. The following Table exhibits 
ihe. specific gia^ity, and the mean resistance per Square üich of 
various kinds of timber^ firom the experim^nts of Prof. Barlovy. 



»ncnmoii or toibsb. 



Ash, (English) . 
Beech, ao. 
Box 

Deal, (Christimna) 
Do. {Memd 
Elm . 

Fir, (New England) 
Do. (Riga) . 
Do. (Mar Forest) 
Laroh, (Scotch) . 
Locust 
Mahogany . 
Norway span 

Oak, (English) . 

Do. (AfruMiC) 
Do. {Adriatic) . 
Do. (Canadian 
Do. (Dantzic) 
Fear . 
Poon . 
Pine, (pUeh) 
Do. (red) . 
Teak . 



}£ 



from 



0.760 
0.700 
1.000 
0.680 
0.690 
0.540 
0.550 
0.750 
0.700 
0.540 
0.950 
0.637 
0.580 
0.700 
0.900 
0.980 
0.990 
0.873 
0.760 
0.646 
0.600 
0.660 
0.660 
0.750 



Mean strength of 
cohesitMi per , 
■qoAieliieh. 



17000 
11500 
20000 
11000 
11000 

5780 
12000 
12600 
12000 

7000 
20580 

8000 
12000 

9000 
15000 
14400 
14000 
12000 
14500 

9800 
14000 
10500 
10000 
15000 



298. But fewdirect experiments have been made upon the 
elongations of timber from a strain in the direction of the fibres. 
From some made in France by MM. Minaid and Desormes, it 
would appear that bars of oak having a sectional area ci one 

3uare inch, will be elongated .001 176 of diexr length by a strain 
one ton. 
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299. Resistance to Ccmpressum. The foUowmg Table ex- 
hibits the results obtained by Mr. fiodgkinson from experiments 
on Short cylinders d timber with flat ends. The diameter of 
each cylindfer was one inch, and its height two inches. The re- 
sults, in the first column, are a mean from about three experiments 
on timber moderately dry, being such as is used for making 
modeis for Castings ; those in the second column were obtained, 
in a like manner, from similar specimens, which were tumed and 
kept dry in a warm place two months longer. A compahson of 
the results in the two oolumns, shows the effect of diymg on the 
strength of timber ; wet timber not haying half the strength of 
the same when dry. The circumstances of nipture were the 
same as already stated in the general observations under this 
head ; the height of the wedge which would slide off in tim- 
ber being about half the diameter, or thickness of the specimen 
crushed. 




AJder 

Baywood 

Beech 

Birch, (Ämeriean) 

Do. (Eng^ish) .... 

Cedar 

Grab 

Red deal 

White deal 

Eider 

Elm 

Fir, (spruce) .... 

Hornbeam 

Mahoganj 

Oik, (Quebec) . . . . 
Do. (English) .... 
Do. iDtmixiCf very dry) 
Fine,Utch) . . . . 
Do. Q^eUawyfuU ofturperUine) . 

Do. (red) 

Poplar 

Plum, (u>et) .... 

Do. (äfy) .... 

Sycamore 

Teak 

Lareh, (fallen two months) , 

Walnat 

WiUow 



StreBith per aqnai» inch 


inlbt. 


6831 


6960 


8683 


0363 


7518 


7518 


7733 


19363 


3307 


11663 


3397 


6402 


5674 


5863 


6409 


7148 


5748 


6586 


6781 


7203 


7451 


0073 


— 


10331 


6409 


6810 


4533 


7280 


8198 


8108 


4231 


5082 


6484 


10058 


— 


7731 


6790 


6700 


5376 


5445 


5395 


7518 


3107 


5^24 


3654 


— 


8341 


tol040 


7082 


— 


— 


12101 


3201 


5568 


6063 


7227 


2808 


6128 



300. Resistance of Square Pillars, Mr. Hodgkinson has 
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made a number of inyaluable ezperiments od the strenffth of 
pillars of timberi and of columns of iron and steel, and firom 
them has deduced formulae for calculating the pressure ^which 
they will support before breaking. The ezperiments on timber 
were made on pillars with fiat ends. The foUowing are the for- 
mulae from which their strength may be estimated. 

Calling the breaking weight in Ibs. W. 

the side of the Square base in inches d. 
the length of the pillar in feet /. 

Then for long columns of oak, in which the side of the Square 
base is less than •f\th the height of the colunm ; 

W = 24542 ~ 

and for red deal, 

W^= 17511 y. 

For shorter pillars, where the ratio between their thickness and 
height is such that they still yield by bending, the strength is eS'* 
tiniated by the following formula : 

Calling the weight calculated from either of the preceding for- 
mulae, W. 

Calling the crushing weight, as estimated firom the preceding 
Table, W. 

Calling the breaking weight in Ibs., W. 

Then the fcnmula for the strength is 

WW 

In each of the preceding formulae d must be taken in inches, 
and l in feet. 

301. Resistance to Transverse Strains. As timber, firom the 
purposes to which it is applied, is for the most part exposed to a 
transverse strain, the far greater number of expenments nave been 
made to ascertain the relations between the strain, the deflection 
caused by it, and the Unear dimensions of the piece subjected 
to the strain. These relations have been made the subject of 
mathematical investigations, founded upon data derived from ex- 
periment, which will be given in the Appendix. The following 
Table exhibits the results of expenments made upon beams having 
a rectangular sectional area, which were laid norizontally upon 
Supports at their ends, and subjected to a strain apphed at the 
middle point between the supports, in a vertical direction. 

For a more conyenient application of the formulae to the results 
of the experiments, the notation adopted in the preceding Art. 
will be here given. 
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Call the transverse force necessary to break tbe beam in Ibs., W. 
the distance between the supports in inches, l. 
the horizontal breadth of the sectional area in inches, b. 
the vertical depth " " " d. 

the deflection arising £rom a weight w in inches,/. 

Table of Experiments wüh iheforegoing Notation. 



« 



« 
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Specific 
grav. 


Valnea 
of 

2. 


Valoas 
of 
6. 


d. 


Value 
of 


Value 
of 

to. 


Value 
of 


AutbofB of ex* 
perimenti. 






lneh«t. 


laehu. 


Inchcs. 


Inchea. 


Ibt. 


Ib«. 




Oaky{EnglUh) . . . 


.034 


94 


3 


8 


liZ8D 


300 


637 


Prof. Bailoir. 


Do. ICoHodian) . . 


.87S 


84 


3 


3 


1.080 


335 


673 


u 


Pine, {JSmerietm) 


- 


84 


3 


a 


0.S31 


350 


.. 


M 


Onk, (EnglUh) . . . 


- 


30 


1 


1 


a5 


137 


> 


Tredcold. 


White sprace, (Canadiam) 
White plne, {janeriean) . 


.4<» 


94 


1 


1 


OJS 


180 


885 


«4 


.455 


85.3 


3.75 


5JS5 


0.177 


777 


5189 


Lient. Brown. 


Black spnice, do. 


.490 


85.3 


3.75 


5.55 


0.177 


893 


5646 


M 


Boathern (rtne, do. 


.873 


85.3 


3.75 


5.54 


0.177 


1175 


9837 


U 



302. Resistance to Detrusion. FroiH the experiments of Prof. 
Barlow, it appears that the resistance ofFered by the lateral adhe- 
sion of the nbres of fir, to a force acting in a direction parallel to 
the fibres, may be estimated at .'S92 Ibs. per Square inch. 

Mr. Tredgold gives the foUowing as the results of experiments 
on the resistance offered by adhesion to a force applied perpen- 
dicularly to the fibres to tear them asunder. 



Oak . 2316 Ibs. per Square inch. 

Poplar . . 1783 
Larch, 970 to 1700 






»t 



303. Strength of Gast Iron. The most recent experiments 
on the strength of this material are those of Hr. Hodgkinson. 
Those, particularly, made by him on the subject of the strength 
of columns, and the most suitable form of cast-iron beams to sus- 
tain a transversal strain, have supplied the engineer and architect 
with the most valuable guido in adspting this material to the 
various purposes of structures. 

304. Resistance to Extension. JProm a few experiments made 
by Mr. Rennie and Captain Brown^ the tensile strength of cast 
iron varies from 7 to 9 tons per Square inch. 

The experiments of Mr. Hodgkinson upon both hot and cold 
blast iron give the tensile strength from 6 to 9| tons per Square 
inch. 

From some experiments made on American cast iron, under 
the direction of the Franklin Institute, the mean tensile strength 
is 20834 Ibs., or 9^ tons per Square inch. 

305. Resistance to Compression. The general circumstances 
attending the rupture of this material by compression, drawn firom 

11 
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the experiments of Mr. Hodgkinson, have already been giyen. 
The angle of the wedge resulting from the rupture is about 55®. 

The mean »crushing weight derived from experiments upon 
short cylinders of hot blast iron was 121,685 Ibs., or 54 tons 6^ 
cwt. per Square inch. 

That on short prisms of the same, with Square bases, 100,738 
Ibs., or 44 tons 19^ cwt. per Square inch. 

That on short cylinders of cold blast iron was 125,403 Ibs., or 
55 tons 19^ cwt. per Square inch. 

That on short prisms of the same, having other regulär iigures 
for their bases, was 100,631 Ibs., or 44 tons 18^ cwt. per Square 
inch. 

Mr. Hodgkinson remarks with respect to the forms of base 
differing from the circle : " In the other forms the difference of 
strength is but little ; and therefore we may perhaps admit that 
difference of form of section has no influence upon the power of 
a short prism to bear a crushing force." 

In remarking on the circumstai\ces attending the rupture, Mr. 
Hodgkinson farther observes ; " We may assume, therefore, 
without assignable error, that in the crushing of short iron prisms 
of various forms, longer than the wedge, the angle of fracture will 
be the same. This simple assumption, if admitted, would prove 
at once, not only in this material, but in others which break in the 
same manner, the proportionality of the crushing force in different 
forms to the area ; since the area of fracture would always be 
equal to the direct transverse area multiplied by a constant quan- 
tity dependent upon the material." 

Table exhibiting the Ratio of the Tensile to the Compressive 
Forces in CaH Iron^from Mr. HodgkinsorCs Experiments. 



DBSCRIPnON OF MBTUm 


Compressive force 
per Square inch. 


Tensile force per 
Square inch. 


Ratio. 


Devon iron, No. 3. Hot blast 
Buffery iron, • No. 1. Hot b\a8i 

Do. " Cold blwt 

Coed-Taleniron,No. 2. Hot blasi 

Do. " Cold blast 

Carron iron, No. 2. Hot blast 

Do. '' Cold blast 
Carron iron, No. 3. Hot blast 

Do. " Cold blast 


145,435 

86,397 

93,385 

82,734 

81,770 

108,540 

"106,375 

1S3,440 

115,442 


21,907 
13,434 
17,466 
16,676 
18,855 
13,505 
16,683 
17,755 
14,200 


6.638 : 
6.431 
5.346 
4.961 
4.337 : 
8.037 , 
6.376 : 
7.515 : 
8.129 . 





306. Resistance of Cylindrical Columns. The experiments 
under this head were made upon solid and hoUow columns, both 
ends of which were either flat or rounded, üxed or loose, or oote 
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end flat and the other rounded. In the case of columns with 
rounded ends, the pressure was applied in the direction of the 
axis of the column. 

The following extracts are made from Mr. Hodgkinson's paper 
on this subject, publisheid in the Report ofthe British Association 
0/1840. 

'' Ist. In all long pillars of the same dimensions, the resistance 
to crushing by flexure is about three times greater when the ends 
of the pillars are flat, than when they are rounded. 

" 2d. The strength of a pillar, with one end rounded and the 
other flat, is the arithmetical mean between that of a pillar of the 
same dimensions with both ends round, and one with both ends 
flat. Thus, of three cylindrical pillars, all of the same length 
and diameter, the first having boui its ends rounded, the second 
with one end rounded and one flat, and the third with both ends 
flat, the strengths are as 1, 2, 3, nearly. 

"3d. A long, uniform, cast-iron pillar, with its ends fiimly 

fixed, whether by means of discs or otherwise, has the same 

power to resist breaking as a pillar of the same diameter, and 

^ Laif the length, with the ends rounded or tumed so that the force 

would pass through the axis. 

^' 4th. The experiments show that some additional strength is 
giyen to a pillar by enlarging its diameter in the middle part ; tlüs 
increase does not, however, appear to be more than one seventh^ 
or one eighth of the breaking weight. 

" 5th. The index of the power of the diameter to which the 
strength of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flat ends, as appeared from the.re- 
sults of a great number of experiments ; or the strength of both 
may be taken as the 3.6 power of the diameter nearly. 

^' 6th. In pillars of the same thickness, the strength is inversely 
proportional to the 1.7 power of the length nearly. 
. '* Thus the strength of a solid pillar with rounded ends, the 



diameter of which is d, and the length Z, is as -=^." 

" The absolute strength of solid pillars, as appeared firom the 
experiments, are nearly as below. 
In pillars with rounded ends, 

Strength in tons = 14.9 •^. 

In pillars with flat ends, 

Strength in tons = 44.16 ^. 

In hollow pillars nearly the same laws were found to obtain; 
thus, if D and d be the externa! and internal diameters oi a pillar 
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whose length is l, the strength of a hollow cylinder of whicli the 
ends were moveable (as in the connecting rod of a steam-engine) 
would be expressed by the formula below. 

Strength in tons = 13 — ^-jp . 

In hoUow pillars, whose ends are flat, we had from ezperiment 
as before, 

Strength in tons = 44.3 -^ 

The formuls aboye apply to all pillars whose length is not 
\eM than about thirty times the extemal diameter; lor pillars 
shorter than this, it is necessary to have recourse to the * for- 
mula,' given under the head of Strength of Timber, for short 
pillars of timber, substituting for W and W in that formula, the 
proper values applicable to cast iron." 

307. Similar Pillars. '*In similar pillars, or those whose 
length is to the diameter in a constant proportion, the strength is 
nearly as the Square of the diameter, or of any other linear di- 
mension ; or, in other words, the strength is nearly as the area 
of the transverse section." 

" In hollow pillars, of greater diameter at one end Üian the 
other, or in the middle than at the ends, it was not found that 
any additional strength was obtained over that of cylindrical 
pillars." 

" The strength of a pillar, in the form of the connecting rod of 
a steam-engine," (that is, the transverse section presenting the 
figure of a cross +,) " was found to be very small, perhaps not 
half the strength that the same metal would nave given if cast in 
the form of a uniform hollow cylinder." 

" A pillar irregularly fixed, so that the pressure would be in 
the direction of the diagonal, is reduced to one third of its strength. 
Pillars fixed at one end and moveable at the other, as in those flat 
at one end and rounded at the other, break at one third the length 
from the moveable end ; therefore, to economize the metal, they 
should be rendered strenger there than in other parts." 

308. Long-^ontinued Pressure on Pillars, " To determine 
the effect of a load lying constantly on a pillar, Mr. Fairbaim had, 
at the writer's Suggestion, four piflars cast, all of the same length 
and diameter. The first was loaded with 4 cwt., the second 
with 7 cwt., the third with 10 cwt., and the fourth with 13 cwt. ; 
(9ii8 last load was //^ of what had previously broken a pillar of 
the same dimensions, when the weight was carefully laid on with- 
out loss of time. The pillar loaded with 1 3 cwt. bore the weight 
bctween five and six months, and then broke." 

309. General Properties of Pillars. '* In pillars of wrought 
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iron, Steel, and timber, the same laws, with respect to rounded 
and flat ends, were found to obtain, as had been shown to exist 
in cast iron." 

" Of rectanffular pillars of timber, it was proved ezperimental- 
ly that the piUar of greatest strength of the same material is a 
Square.'' 

310. Camparative Strengths of Cast Iron, Wrougkt Iron, 
Steel, and iimber, 

'* It resulted from the experiments upon pillars of the same 
dimensions but of different materials, that if we call the strength 
of cast iron 1000, we shall have for wrought iron 1745, cast steel 
2618, Dantzic oak 108.8, red deal 78.5.'^ 

31 1. Resistance to Transverse Strains. The following Tables 
anddeductions are drawn from the experiments of Messrs. Hodff- 
kinson and Fairbairn, on hot and cola blast iron, as published ui 
their Reports to the British Association in 1837. 

Table exhtbäing the results of experiments by Mr. Hodgkinson 
on bars of hot blast iron 5 feet long, with a rectangular sec- 
tional area ; the bars resting horizontally on props 4 feet 6 
inches apart ; the tveight being applied at the middle of the 
bar. 



EzrCBIMBHT 1. 

Eeetangnlar bar, 

IjOO ineh broad, 

IjOO ** deep. 

Weight (rf'bar, 15 Ita«. 9 oc 






16 

33 

30 

66 

112 

334 

336 

446 

460 



I 



I 



.037 
.052 
.070 
.133 
.271 
.568 
.940 
1.360 
broke 




▼inble 
increaaed 
.0011 
.003 
.008 
.037 
.087 
.181 



UltiiDato deflectk» 
1.444 iBchM. 



EXPERIMBHT 13. 

Eectangolar bar, 
1jQ3 Incne« broad, 
3.00 '• deep. 



I 



1474 
1605 
1866 
3126 
2388 
2649 
3010 
3173 
3433 
3694 
3956 



ü 

& 



.130 
.156 
.185 
.313 
.343 
.373 
.307 
.340 
.378 
broke 



I 

a 

«• 



.001 
.003 
.006 
.010 
.013 
.017 
.033 
.030 
.038 
.050 



Ultbmte deflecttoB 
.416iiieh. 



Expbruikmt 14. 

Ractaaialar bar, 

ijQS iacEes broad, 

4416 •* deep. 

Weicht 78 Ibt. 



r 



5867 
6798 
7730 
8661 
9593 
10534 
11067 



I 



i 
I 



.137 
.153 
.177 
.307 
.335 
.375 
broke 



I 





.01 



.03 



Ulllmate dellectkm 
JM flieh. 
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Results of eacperiments, hy ihe same, on the transverse strength qf 
cold blast iron ; length of bars, anddistance hetween thepoints 
af Support the same as in the preceding Table. 



■ 

EzraRiMBirr 1. 

1.035 Inchdeep, 
1.0U3 '• broad. 
Weigbt, 15 11». e oc 


EzraRiMBHT 18. 

RectuigQl V bar, 

3.00 Incbes deep, 

LOS '* liroad. 

Welfbt, 48 Ib«. 8 gib. 


EXPIKIMBHT 13. 

Itoelangalar bar, 
4.96 incbei deep, 
1j03 '' bfoad. 

Weigbt, 78 Ibs. 


Welgbt in 




«1 


.9 


P 


51 


.9 


a 


^1 

II 


16 
30 
56 
112 
168 
224 
280 
336 
392 
448 
604 
514 
518 


.033 

.062 

.120 

.240 

.370 

.510 

.649 

.798 

.953 

1.120 

1.310 

itbore 

broke 


yisible 
increased 
.002 
.007 
.014 
.028 
.041 
.061 
.084 
.120 
.170 


1082 
1343 
1605 
1866 
2126 
2388 
2649 
2910 
3172 
3433 
3694 
3825 


.091 
.111 
.138 
.164 
.190 
.220 
.250 
.281 
.310 
.345 
.378 
broke 


.003 
.006 
.008 
.010 
.012 
.015 
.019 
.026 
.031 
.037 
.046 


4930 
5867 
6798 
7730 
8662 
9593 
10525 
10588 


.110 
.130 
.153 
.179 
.195 
.219 
.250 
broke 


.013 

.020 
.025 

.034 
.042 


Ultimate deflection 
1.36 incb. 


Ulümate deflectk>ii 
OJOSineb. 


Ultlmate deflecüon 
OSSSL 



312. The following remarks are extracted from the same Re- 
port : " I had remarked, in some of the experiments, that the 
elasticity of the bars was injured much earlier than is generally 
conceived ; and that instead of its remaining perfect tili one third, 
er upwards, of the breaking weight was laia on, as is generally 
admitted by writers, it was evident that |th, or less, produced in 
some cases a considerable set or defect of elasticity ; and judging 
from its slow increase afterwards, I was persuaded that it haa not 
come on by a sudden change, but had existed, though in a less 
degree, from a very early period." 

" From what has been stated above, deduced from experiments 
made with great care, it is evident that the maxim of loading 
bodies within the elastic limit, has no foundation in nature ; but 
it Vfdll be considered as a compensating fact, that materials will 
bear for an indefinite period a much greater load than has hittierto 
been conceived." 

313. "We may admit," from the mean results, "that the 
strength of rectangular bars is as the Square of the depth." 
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314. Effects of time upon the deflections caused by a ferma* 
nent load on the middle of horizontal bars. 

The foUowing Table exhibits the results of Mr. Faiibaim's ex- 
perimeDts on this point. The experiments were made on bars 
5 feet long, 1 .05 inch deep ; the one of cold blast iron, 1 .03 inch 
broad ; the other of hot blast, 1.01 broad; distance between the 
points of Support 4 feet 6 inches. The constant weight sus- 
pended at the centre of the bars was 280 Ibs. This weight re- 
mained on from March 11 th, 1837, to June 23d, 1838. 



Gold blast iron. 
Deflection in 
inches. 


Date of Observation. 


Temp. 


Hot blast iron. 
Deflection in 
inches. 


Ratio ofincreaseof 
deflections. 


.030 
.063 


March Uth, 1837, 
Jone 23d, 1838, 


78« 


1.064 
1.107 


— 


.033 


lacrease, 




.043 


1000 : 1303 



315. Mr. Fairbaim in his Report remarks on the above and 
like results : ^^ The hot blast bar in these experiments being more 
deflected than the cold blast, indicates that the particles are more 
extended and compressed in the former iron, with the same 
weight, than in the latter. This excess of deflection may in some 
degree account for the rapidity of increase, which it will be observed 
is considerably greater in the hot than in the cold blast bar." 

" It appears from the present State of the bars, (which indicate 
a slow but progressive increase in the deflections,) that we must 
at some period arrive at a point beyond their bearing powers ; or 
otherwise to tliat position which indicates a correct adjustment 
of the particles in equilibrium with the load. Which of the two 
points we have in this instance attained is difficult to determine : 
sufiicient data, however, are adduced to show that the weights 
are considerably beyond the elastic Umit, and that cast iron will 
Support loads to an extent beyond what has usually been consid- 
ered safe, or beyond that point where a permanent set takes place." 

316. Effects of Temper ature. Mr. Fairbaim remarks : '* The 
Infusion of heat into a metallic substance may render it more 
ductile, and probably less rigid in its nature ; and I apprehend it 
will be found weaker, and less secure under the efiects of heavy 
strain. This is observable to a considerable extent in the experi- 
ments" on transverse strength "ranging from 26® up to 190° Fahr." 

"The cold blast at 26" and 190", is in strength as 874 : 743, 
The hot blast at 26° and 190«, is in strength as 811 : 731, 
being a diminution in strength as 100 : 85 for the cold blast, and 
100 to 90 for the hot blast, or 15 per cent. loss of strengtli in the 
cold blast, and 10 per cent. in the hot blast." 

" A number of the experiments made on No. 3 iron have given 
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extraoidinary and not unfrequently unezpected results. Gener- 
aUy speaking, it is an iron oi an irregulär character, and presents 
less unifonnity in iu texture than eiuer the first or second quali- 
ties ; in other respects it is more retentive, and is often used for 
giving strength and tenacity to the finer metals." 

'* At 212^ we have in the No. 3 a much greater weight sus- 
tained than what is indicäted by the No. 2 at 190'' ; and at 600^ 
there appears in both hot and cold blast the anomaly of increased 
strength as the temperature is advanoed from boiling water to 
melt^ lead, arising irom the greater strength of the No. d iron.'* 

317. Inßuence of Form in Cast Iron upon the Transverse 
Strength of Beams. Upon no point, respectin^ the strength of 
cast iron, have the experiments of Mr. Hodgkinson led to more 
▼aluable results to the engineer and architect, than upon the one 
under this head. The following Tables give the results of experi- 
ments on bars of a uniform cross section, (thus T») cast from hot 
and cold blast iron. The bars were 7 feet long, and placed, for 
breaking, on Supports 6 feet 6 inches asunder. 

Table exhibiting the results of experiments on bars of hot hUtst 
iron of the form oj cross section as above. 



BzrBBIMBMT 4. 


EXPBmiMBRT ft. 


Bar brokeii ^^^^ •■ «hown 


Bar biüken B aa sliowii 


wlth tlM rib doWBward. 


with the rib upward. 


S 






Weight In 
Ibt. 


1^ 


1 


7 


.015 


visible 


7 


— 


not viaUe 


U 


.032 


.001 


14 


.025 


viable 


21 


.046 


.002 


21 


.045 


.002 


28 


.064 


.004 


28 


.065 


.003 


56 


.130 


.005 


56 


.134 


.005 


112 


.273 


.020 


112 


.270 


.015 


168 


.444 


.035 


224 


.580 


.058 


224 


.618 


.058 


336 


.895 


.101 


280 


.813 


.093 


448 


1.224 


.155 


336 


1.030 


.130 


560 


1.585 


.235 


364 


broke 


— 


672 


1.985 


.330 


— 


— 


— 


784 


2.410 


.490 


— 


- 


— 


896 


3.450 


.722 


- 


— 


— 


1008 


4.140 


1.040 


— 


— 


— 


1064 


— 


. 


- 


- 


— 


1120 


broke 


— 


Ultimate deflacüon 1.138 Inchea. 


Fracture c 
Incbes ]< 
thia form 
«rat 

Ultima 


aused by a wedge S.9S 
>ng and 1.05 deep, of 
t ^^^^^ flying 


■te deflection 4JB30. 
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Note. The annexed diagram shows the ^ 
form of the uniform cross section of the 
bars. The hnear dimensions of the cross 
section in the two experiments were as fol- 
lows: 



B 



B 



Length of parallelogram AB 5 inches' 

Depth ** AB 0.30 

Total depth of bar . CD 1.55 

Breadthofrib ... DE 0.36 



ii 



it 



► Expt. 4. 



5 inches' 
0.30 " 
1.56 " 
0.366 " 



Ezpt. 6. 



Table exhihiting results of experiments on bars of cold blast iron 
bfeet long, afthe same form of cross section as inpreceding 
Table. 



EzPBEuiBirr i. 


* 

ExraKIMBHT 5. 


Bar broken ^TP" 


with rlb 


Bar teoken ^^^^ with rib 




down ward. 




npwaid. 


¥ 




i 




Deileetlon 
In inches. 


i 


113 


.03 


_ 


113 


.03 


^ 


334 


.07 


— 


334 


.07 


^ 


336 


.11 


— 


336 


.11 


— 


303 


.13 


.005 


448 


.15 


mm 


430 


.14 


.007 


560 


.19 


.005 


448 


.15 


.010 


616 


.31 


.010 


560 


.19 


.013 


673 


.33 


.. 


673 


.33 


.015 


738 


.. 


.015 


784 


.38 


.033 


784 


.37 


-. 


896 


.33 


.030 


806 


.31 


-. 


953 


.35 


— 


1008 


.35 


^ 


080 


broke 


— 


1130 


.39 


.. 


— 


- 


— 


1344 


.48 


— 


- 


- 


— 


1568 


.57 


— 


- 


- 


— 


1703 


.67 


— 


- 


- 


- 


3016 


.80 


— 


— 


— 


— 


3340 


.95 


mm 


- 


— 


- 


3396 


it bore 


« 


— 


— 


— 


3353 


broke 


- 


uitiBi 


lato defleetto 


B J8. 


Ultlmate deflectkni 1.03. 

FtaetaiB by a wedge bieaking 
OQt as in Experiment 5, Hot 
Blast 



Note. The hnear dimensions of the cross section of the bars, 
in the aboye Table, were nearly the same as those in the prece- 
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ding Table, with the exception of the total depth CD, which, in 
these last two experiments, was 2.27 inches, or a little more. 

318. The object had in yiew by Mr. Hodgkinson, in the ex- 
periments recorded in the two precedins Tables, was twofold; 
the one to ascertain the circumstances under which a permanent 
set, or injury to elasticity takes place ; the other to ascertain the 
effect of the form of cross section on the transverse strength of 
cast iron. The following extracts from the Report, give the 
principal deductions of Mr. Hodgkinson on these points. 

" In experiments 4 and 5," (on hot blast iron,) "which were 
on longer bars than the others, cast for this purpose, and for an- 
other mentioned further on, the elasticity (in £xpt. 4) was sensi* 
bly injured with 7 Ibs., and in the latter (Expt. 5) with 14 Ibs., 
the breaking weights being 364 Ibs., and 1120 Ibs. In the for- 
mer of these case^f a set was visible with ^^j, and in the other 
with jV of the breaking weight, showing that there is no weight, 
however small, that will not injure the elasticity." 

" When a body is subjected to a transverse strain, some of its 
particles are extended and others compressed ; I was desirous to 
ascertain whether the above defect in elasticity arose from ten- 
sion or compression, or both. Experiments 4 and 5 show this ; in 
these a section of the casting, which was uniform throughout, had 

e 

the form ^. During the experiments the broad part ab was laid 

a b 

horizontally upon supports ; the vertical rib c in the latter experi- 
ment being upward, in the former downward. When it was 
downward the rib was extended, when upward the rib wa» com- 
pressed. In both cases the part ab was tne fulcrum ; it was thin, 
and therefore easily flexible ; but its breadth was such that it was 
nearly inextensible and incompressible, comparatively, with the 
vertical rib. We may therefore assume, that nearly the whole 
flexure which takes place in a bar of this form, arises firom the 
extension or compression of the rib, according as it is downward 
or upward. In Expt. 4 we have extension nearly without com- 
OTession, and in Expt. 5 compression almost without extension. 
These experiments were made with great care. They show that 
there is but little difference in the quantity of set, whether it 
arises firom tension or compression." 

" The set firom compression, however, is usually less than that 
from extension, as is seen in the commencement of the two ex- 
periments, and near the time of fracture in that submitted to ten- 
sion. The deflections from equal weights are nearly the same, 
whether the rib be extended or compressed, but the ultimate 
strengths, as appears from above, are widely diflFerent." 

319. Form of Cast Iron Beam best adapted to resist a Trans^ 
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verse Strain. The experiments öf Mr. Hodgkinson on this sub- 
jedt, published in the Memoirs ofihe Literary and PhilosopkicaV 
Society of Manchester, Second Series, vol. 5, are of equal in- 
terest with those just detailed, both in their general results and 
practical bearing. From these experiments, the conclusion drawn 
IS that the form of beam in the annexed diagrams is the most fa- 
Torable for resistance Xö transverse strains. 

Fig. & 





Fig. b. 

t t f 




^ 



Fig. a represents the plan, Fig. b 
the elevation, and Fig. c the cross 
section (enlarged) at the middle of 
the beam. From the Figs. it will 
be Seen, that the beam consists of 
three parts ; a bottom flanch of uni- 
form depth, but variable breadth, ta- 
pering from the centre towards the 
extremities, where the points of Sup- 
port v^rould be placed, so as to form 
a portion of the common parabola on each side of the axis of the 
beam, the Vertex of each parabola being at the centre of the beam. 
The object of this form of flanch was to make it, according to 
theory, the strengest, with the same amount of material, to beai 
a weight uniformly distributed over it. The top flanch is of a 
like form, but of much smaller breadth and depth than the bottom 
one. The two are united by a vertical rib of uniform depth and 
breadth. 

The following are tlie relative dimensions of this form of beam 
which, from experiment, gave the most favorable result. 




DitUnce of Supports . 

Total depth of beam .... 

Breadth of top flanch at centre of beam 

^ bottom flanch *' 

Uniform depth of top flanch 

** bottom flanch 

Thickness of Tertical rib . 
Total area of cross section 
Weight of beam 



4 fi. 6 inches. 



(( 



« 6i 

9.33 

6.66 

0.31 

0.66 

0.866 " 

6.4 Square inch. 
711bs 



u 

M 
ti 
«« 
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" This beam broke in the middle by compression with 26064 
Ibs., or 11 tons 13 cwt., a wedge separating from its upper 
side.** 

'' The weiffhts were laid giadually and slowly on, and the beam 
had bome within a little of its breaking weight a considerable time, 
perhaps half an hour.'' 

'' The form of the fracture and wedge is represented in the 
Fig. fr, where enf'vA the wedge, ef=bA inches, tn = 3.9 inches, 
angle cn/" =82'." 

*' It is extremely probable, firom this fracture, that the neutral 
point was at n, the Vertex of the wedge, and therefore at |ths the 
depth of the beam, since 3.9 = ^ x 5} nearly." 

The relative dimensions above given were arrived at by ** con- 
stantly making small additions*' to the bottom flanch, untü a point 
was reached where resistance to compression could no longer be 
sustained. The beams of this form, in all previous experiments, 
having yielded by the bottom flanch tearing asunder. 

'' The great strencth of this form of cross section is an indis- 

Eutable refutation of that theoiy which would make the top and 
ottom ribs of a cast iron beam equal." 

" The form of cross section" (as above) " is the best which we 
have arrived at for the beam to bear an ultimate strain. If we 
adopt the form of beam, (as above,) I think we may confidendy 
emect to obtain the same strength with a saving ol upwards oi 
|th of the metal." 

320. Rules for determining the ultimate Strength of Cctst 
Iron Beams ofthe above forms. From the results oT his experi- 
ments, Mr. Hodgkinson nas deduced the foUowing very simple 
formulaß, for determining the breaking weight, in tons, when-ap- . 
plied at the middle of a beam. 

Call the breakmg weight in tons, W. 

Call the area of the cross section of the bottom flanch, taken 
at the middle of the beam, a. 

Call the depth of the beam at the middle point, d. 
Call the distance between the supports, Z. 

Then 

„-. ^ ^^ öd 

W^=26y, 

when the beam has been cast with the bottom flanch upwaid; 
and 

ad 

when the beam has been cast on its side. 

321. Effect of Horizontal Impact upon cast iron bars^ and 
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Measure ofthe Resistance offered by cast iron to thisforce. The 
foUowing Tables of experiments on this subject, and the results 
drawn from them, are taken firom a paper oy Mr. Hodgkinson, 
published in the Fifth Report of the British Association, 

The bars under experiment were impinged upon by a weight 
suspended freely in such a position, that hanging vertically it was 
in contact with the side of the bar. The blow was given by al- 
lowing the weight to swing through different arcs. The bars 
were so confined against lateral Supports, that theycould take no 
vertical motion. 

Table of experiments on a cast iron bar, 4ft. 6 in. longy 1 in. 
broaa, | in. thick, weighing 1\ Ibs,^ placeawith the broadside 
against lateral supports 4ft. asunder^ and impinged upon by 
cast iron and leaa balls weighing S^ Ibs., stvinging tnrough 
arcs ofthe radius \2feet. 



Lnpaet with leaden ball. 



S| 






1 

9 
3 

4 
6 
6 




6.5 
13 
19 
27 
34 
47 



ll 



.24 
.46 
.73 
.97 
1.30 
1.60 



Irapaet with inm ball. 



§' 



II 



ea 



1 

9 
3 

4 
6 
6 



"Sil 
S S o 

le-a 



6.5 
14 
SO 
39 
37 
48 






.93 
.46 
.65 
.98 
1.39 
1.65 



" Before the experiments on impact were made upon this bar, 
it was laid on two horizontal supports 4 feet asunder, and weights 
gently laid on the middle bent it (in the same direction that it was 
afterwards bent by impact) as below : 

98 Itis. bent it .37 inch. 

561b8. " .77 « Elaaticity a Utüe injuied." 
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TcAle of eaperiments on a cast iron bar Ift, long^ 1.08 in, broad^ 
and 1.05 in, thick^ weighing 23 J tbs.^placedy as inpreceding 
experimentSy against supports ^ft, 6 in. asunder, and bent by 
impacts in the middle, Impinging ball of cast iron weighing 
20| Ibs. Raditcs ofarcs Ißfeet 



Impact npon bar. 


Impact npon the 
weighL 


gs 


Olwerved defleo- 
tion in inches. 


Chord of are 
fallen throof h. 




2 
3 
4 
5 
6 
7 
8 


«46 
.62 
.87 
1.03 
1.24 
1.44 
1.80 


2 
3 
4 
5 
6 
7 
8 
9 


.31 
.43 

.69 

.81 
1.04 
1.28 
1.41 

1.63 

1 



The results in the 3d and 4th columns of the above table were 
derived from allowing the ball to impinge against a weight of 56 
Ibs., hung so as to be in contact with the bar. 

" Before the experiments on impact, the beam was laid on two 
Supports 6 ft. 6 in. asunder, and was bent .78 in, by 123 Ibs., 
(including the pressure from its own weight,) applied gently in 
the middle." 

Tables of experiments on two cast iron bars, 4ß,6 in. long, füll 
inch Square, weighing 14 Ibs. 10 oz. nearly, placed against 
supports Afeet apart, and impinged upon by a cast iron ball 
weighing 44 Ibs. Radius 16 ft. 



Impact in the middle. 


Impact at one fonrth the length fh)m the middle 
oftheban. 


Chorda ofarcs in 
feet. 


Mean deflectlons 
of the twobars 
in Inches. 


Chords of arcs 
in feet. 


Mean deflections 
of the two bars 
in inches. 


Mean ratio of the 
deflections, in 
the two cases. 


2 

3 

4 

5 

5.5 

6 


.35 
.55 

.77 

.95 

1.05 

Broke in the 

middle 


2 

3 

4 

5 

5.5 

6 


.24 
.42 

.52 

.64 

.70 

Broke at the 

point of impact 


694 



The results in the Ist of the above Tables are from bars Struck 
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in the middle, tfaose in the 2d Table are from bars Struck at the 
middle point between the centre and extremity of the bar. 

322. From the above and other experiments the conclusion is 
drawn, " that a uniform beam will bear the same blow, whether 
Struck in the middle or half way between that and one end." 

" From all the experiments it appears, that the deflection is 
nearly as the chord of the arc fallen through, or as the velocity 
of impact." 

The following conclusions are drawn from the experiments. 

(1.) " If difTerent bodies of equal weight, bat difFering consider- 
ably in hardness and elastic force, be made to strike horizontally 
against the middle of a heavy beam supported at its ends, all the 
bodies will recoil with velocities equal to one another." 

(2.) " If, as before, a beam supported at its ends be Struck 
horizontally by bodies of the same weight, but different hardness 
and elastic force, the deflection of the beam will be the same 
whichever body be used." 

(3.) " The quantity of recoil in a body, after striking against a 
beam as above, is nearly equal to (though somewhat below) what 
would arise from the füll varying pressure of a perfectly elastic 
beam, as it recovered its form aiter deflection." 

Note. This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
which the beam is assumed as perfectly elastic. 

(4.) " The effect of bodies oi different natures striking against 
a hard, flexible beam, seems to be independent of the elasticities 
of the bodies, and may be calculated, with trifling error, on a sup- 
position that they are inelastic." 

(5.) " The power of a uniform beam to resist a blow given 
horizontally, is the same in whatever part it is Struck." 

323. From the results of the experiments of Messrs. J'airbaim 
and Hodgkinson, on the properties of cold and hot blast iron, it ap- 
pears that the ratio of their resistances to impact is 1000 to 1226.3, 
the resistance of cold blast being represented by 1000 ; the re- 
sistance, or power of the beam to bear a horizontal impact, being 
measured by the product of its breaking weight from a transverse 
strain at the middle of the beam and its ultimate deflection. This 
measure, Mr. Hodgkinson remarks, " supposes that all cast iron 
bars of the same dimensions, in our experiments, are of the same 
weight, and that the deflection of a beam up to the breaking 
weight, would be as the pressure. Neither of- these is true ; 
they are only approximations ; but the difference in the weights 
of cast iron Dars of equal size is very little, and taking them as 
the same, it may be inferred from my paper on Impact upon 
Beams, {Fifth Report of the British Association,) that the as- 
sumption above gives results near enough for practice." 
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324. Strbnoth of Wboitoht Iron. This material, from its 
very extensive applications in structures where a considerable 
tensile force is to be resisted, as in Suspension bridges, iron ties, 
&c., has been the subject of a very great number ofexperiments. 
Among the many may be cited those of Telford and Brown in 
England, Duleau in France, and the able and extensive series 
upon plate iron for steam boilers, made under the direction of the 
Franklin Institute, and published in the 19th and 20th vols. (New 
Series) of the Journal of the Institute. 

Resistance to Extension. The following Tables exhibit the 
tensile strength of this material under ordinary temperatures, and 
in the different states in which it is used ibr structures. 

Table exhibiting the Strength of Square and Round bars of 

Wrought Iron. 





LcnjTth of 


EzUiuion be- 


Brcakiitf 


TeiMilo 




oBscEimoii or iroh. 


piecM in 


fon niptim 


«tifht in 


•uvnfüiper 


KMJbm. 




fML 


in iaehM. 


tont. 


■quan iiieh. 




Bar 1 inch Square, fFdah 


1 


83.75 


89 


89 


TelfonL 


'* '* Swduh 


1 


0J75 


39 


39 


u 


Round bar, 3 in. dlam. " 


1 


8.3 


100 


89.88 


u 


Bar, 1.31 inch sqnare ** 


3.5 


0.19 


40.95 


83.75 


Bn>WB. 


** 1.19 " " 


3.5 


3.00 


33.50 


83.75 


i( 


Round bar, 1.31 In. diam., Rmsian 


3.5 


8.35 


36.10 


86.50 


u 


Bar, 1.25 inch Square, fFel$k . 


3.5 


8.00 


38.05 


84.35 


u 


Round bar, 3 in. diam. ** 


13.5 


18.50 


88.75 


86.33 


M 


Bars rednced in the middle by 












hammering to 0.375 in. Square 


- 


- 


> 


31.35 


Brunei. 


»» «« oJiO ** 


- 


- 


— 


30.80 


M 


Bar, Missouri . 


- 


- 


- 


81.38 


( FrankUn 
) Insütnte. 


** (slltrods) .... 


- 


- 


•> 


88.38 


u 


" Tennesse« 


- 


- 


- 


83.85 


u 


** SalUbutf, Qnuuetievt 


- 


• 


— 


35.89 


M 


*' Swedisk 


- 


- 


- 


85.97 


M 


" Centre Cb., Pen». 


- 


- 


— 


86.07 


4t 


** Laneaster G»., Psnm. . 


- 


- 


~ 


36.18 


II 


" (cable iron) Englisk 


- 


- 


- 


86.63 


II 


— 


- 


- 


31.70 


U 


" Russian 


- 


• 


— 


33.95 


«4 


Wire, 0.333 in. diam. PkiUipshurg 


- 


- 


- 


37.58 


44 


" 0.190 " " 


— 


— 


— 


32.98 


14 


" 0.156 " " 


— 


- 


. 


39.80 


11 


" 0.10 •* ISn^isk 


^ 


" 


■ 


35.81 


Telford. 



Table exhibiting the Mean Strength 6f Boiler Iron, per square 
inch in Ibs., cutfrom plates with shears. 



Process of manu&ctnre. 


Rough edge bar. 


Edges filed uni- 
formiy. 


Notches flled into 
bar on each edge. 


Piled iroD . . 
Hammered plate 
Puddled iron 


53,045 
47,506 
53,341 


56,081 
55,584 
51,039 


63,366 

58,447 
63,420 



It is remarked in the Report of the Sub-committee, " that the 
inherent irregulahties of the metal, even in the best specimens. 
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whether of roUed or hammered iron, seldom fall short of 10 or 15 
per Cent, of the mean strength." 

From the same series of experimentSy it appears that the 
strength of roUed plate lengthwise is about 6 per cent. greater 
than its strength crosswise. 

In the TerUh Report ofthe British Association in 1840, Mr. 
Fairbaim has given the results of experiments on plate iron by 
Mr. Hodgkinson, from which it appears that the mean strength 
of iron plates lengthwise is 22.52 tons. 

Crosswise " 23.04 " 

Single-riveted plates " 18,590 Ibs. 

Double-riveted plates " 22,258 " 

Representing the strength of the plate by 100. 
The double-riveted plates will be . . 70. 
The Single " " . . 56. 

325. Professor Barlow, in his Report to the Directors of the 
London and Birmingham Railroady (Journal of Franklin Insti- 
tute, July, 1835,) States, as the results of his experiments, that a 

bar of malleable iron one inch Square is elongated the lö^th part 
of its length by a strain of one ton ; that good iron is elongated the 

iöwth part by a strain of 10 tons, and is injured by this strain, 
while indifferent, or bad iron is injured by a strain of 8 tons. 

From the Report made to the Franklin Institute, it appears that 
the first set, or permanent elongation may take place under very 
different stxains, varying with the character of the material. The 
most ductile iron yields permanently to a low degree of strain. 
The extremes by which a permanent set is given vary between 
the 0.416 and 0.872 of the ultimate strength; the mean of thur- 
teen comparisons being 0.641. 

326. Resistance to Compression, But few experiments have 
been published on the resistance of this material to compression. 
Rondelet states that it commences to yield under a pressure of 
about 70,800 Ibs. per Square inch, and that when the altitude of 
the specimen tried is greater than three times the diameter of 
the base it yields by bending. Mr. Hodgkinson states that the 
circumstances of its rupture from crushmg indicate a law simi- 
lar to what obtains in cast iron. 

327. Resistance to a Transverse Strain. The foUowing Ta- 
bles exhibit the circumstances of deflection from a transverse 
strain on bars laid on horizontal Supports ; the weight being ap- 
plied at the middle of the bar. 

The Table I. gives the results on bars 2 inches Square, laid on 
Supports 33 inches asunder; Table IL the results on bars 2 
inches deep, 1.9 in. broad, bearing as in Table I. 

13 
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Tablb I. 


Table II. 


WdghtlntoBs. 


Deilectltnia in 

inchw ist each 

halftoB. 


Weight in toni. 


Deflecütnia in 

inches for each 

half ton. 


.76 


.030 


.350 


.. 


1.00 


.030 


.50 


.016 


1.50 


.030 


1.00 


.033 


3.00 


.030 


1.50 


.030 


3.50 


.030 


3.00 


.036 


3.00 


Set 


3.35 


.018 


— 


~ 


3.50 


.036 


— 


— 


3.75 


.038 




— 


3.00 


.093 



The above experiments were made by Professor Barlow, and 
published in bis Report abready cited. He remarks on the re- 
sults in Table II., that the elasticity was injured by 2.50 tons 
and destroyed by 3.00 tons. 

328. Trials were made to ascertain mechanically the position 
of the neutral axis on the cross section. Professor Barlow re- 
marks on these trials, that " the measurements obtained in these 
experiments being tension 1.6, compression 0.4, giving exactly 
the ratio of 1 to 4 in rectangular bars. These results seem the 
most positive of any hitherto obtained; still there can be little 
doubt this ratio varies in iron of different qualities ; but looking 
to the preceding experiments, it is probably always &om 1 to 3, 
to I to 5." 

329. Effects of time on the elongation of Wrought Ironfrom 
a constant strain ofextension. M. Vicat has given, in the An- 
nales de Chimie et de Physique, vol. 54, some experiments on 
this point, made on iron wires which had not been annealed, by 
subjecting four wires, respectively, to strains amounting to the 
iy the ^, the i, and | of their tensile strength, during a period of 
33 months. 

From the results of these experiments it appears, that each 
wire, immediately upon the apphcation of the strain to which it 
was subjected, received a certain amoimt of extenaion. 

The first wire, which was subjected to a strain of Jth its ten- 
sile strength, was found at the end of the time in question not to 
have acquired any increase of extension. 

The second, submitted to |d its tensile strength, was elongated 
0.027 in. per foot, independently of the elongation it at first re« 
ceived. 

The third, subjected under like circumstances to a strain of 
. ^th its tensile strength, was elongated 0.40 in. per foot, besides 
* its first elongation. 
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The fourth, similarly subjected to fths the tensile strength, wa3 
elongiiited 0.061, besides its first elongation. 

From observations made during the experiments^ it wa9 found 
that, reckonii^ from the time when the first elongatloQS took j^ace, 
the rapidity of the subsequezit elongations was nearly propprtional 
to the times ; and that the elpjig^tions from straius greater than 
^th the tensile strength are, after lequal times, nearly proportional 
to the strains. 

330. M. Vicat remarks in subsjance upon the results of these 
experimepts, that iron wire, when not annealed, conmiences to 
extubit a permanent set when subjected to a strain between the 
i and y of its tensile stren^h, and that therefore it is rendered 

Erobable that the wire ropes of a Suspension bridge, which should 
e subjected to a like strain, would, when the vibratory motion to 
which such stnictures are liable is considered, yield constantly 
from year to year, until they entirely gave way. 

M. Vicat farther remarks, in substance, that the measure o[ the 
resistance oflFeredbymaterials to strains exertedonly some minutes, 
or hours, is entirely relative to the duration of :tne experiments. 
To ascertain the absolute measure of this resistance, which shoul^ 
serve as a guide to the engineer, the materials ought to be sub- 
jected for some months to strains ; while observations should be 
made during this period, with accurate Instruments, upon the 
manner in which they yield under these strains. 

S3l. Effects ofTemperature on the Tensile Strength of 
Wrought Iron, The experiments made under the direction of 
the Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the efFect 
of an increase of temperature upon the strength of wrought iron. 
It was found that at high degrees of heat the tensile strength was 
greater up to a ccrtain point than was exhibited by the same iron 
at ordinary temperatures. The Sub-conamittee in their Report 
remark : " This circumstance was noted at 212% 392% and 572^, 
rising by Steps of 180® each from 32% at which last point some 
trials have been made in melting ice. At the highest of these 
points, however, it was perceived that öome specimens of the 
metal exhibited but little, if any, superiority of strength over that 
which they had possessed when cold, wmle others allowed of 
being heated nearly to the boiHng point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
crease of temperature." 

'^ It hence became apparent that any law, taking for a basis 
the strength of iron in its ordinary condition, and at conunon 
temperatures, must be liable to great uncertainty, in regard to its 
application to düFerent specimens of the metal. It was evident , 
that the anomaly above referred to raust be only apparent, a^<l ' 
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that the tenacity actually exhibited at 572^, as well as that which 
prevails while the iron is in the State in which it was left by 
tordng, or rolling, must be below its maximum tenacity." 

From the ezperiments made upon several bars of the same 
iron, it appeared that their "maximum tenacity was 15.17 per 
Cent, greater than their mean strength when tried cold.** 

Caiculating the maximum tenacity in other experiments from 
this Standard, the Sub^onmiittee have drawn up the foUowing 
Table exhibiting the relations between diminutions from the max- 
imum tenacity and the degrees of temperature by which they are 
Cäused, from which the curve representing the law of these rela- 
tions can be constructed. 

Table. 



Mo. of the CODI' 
parison. 


Obsenred tem- 
pentOTM. 


Obwnred ttm- 
peratnrei— 80*. 


Obtenred dlmi- 
nutlon of te- 
nacity. 


Power of the tempentni« 
which roprosents the 
diminiition of teoacity 
at each point. 


1 


SSO- 


44(y 


.0738 


2.25 


3 


670 


490 


.0869 


2.17 


3 


596 


516 


.0899 


2.38 


4 


662 


582 


.1155 


2.67 


5 


770 


690 


.1627 


2.85 


6 


824 


744 


.2010 


2.94 


7 


932 


852 


.3324 


2.97 


8 


1030 


950 


.4478 


2.92 


9 


Uli 


1031 


.5514 


2.63 


10 


1155 


1075 


.6000 


2.60 


11 


1237 


1157 


.6622 


2.41 


12 


1317 


1237 


.7001 


2.14 


Mean 2.58 



The Sub-committee remark on the construction of the above 
Table : " As some of the experiments which fumished the Stand- 
ards of comparison for strength at ordinary temperatures, were 
made at 80®, and as at this point small variations with respect to 
heat appear to affect but very slightly the tenacity of iron, it was 
conceived that for practical purposes, at least, the calculations 
might be commenced from that point." ' 

" It will be found that with the exception of a slight anomaly 
between 520" and 570", amountingto —.08, the numbers express- 
ing the ratios between the elevations of temperature, and the 
diminutions of tenacity, constaiitly increase until we reach 932**, 
at which it is 2.97, and that from this point the ratio of diminu- 
tion decreases to the limits of our ränge of trials, 1317", where it 
is 2.14. It will also be observed, that the diminution of tenacity 
/at 932", where the law changes from an increasing to a decreasing * 
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rate of diminution, is almost precisely one thiid of the total, or 
maximum strength of the iron at ordinary temperatures." 

From the mean of all the rates in the above Table the foUow- 
ing rule is deduced : " the thirteenth power of the temperature 
above 80® is proportionate to the fifth power of the diminutUm 
from the maximum tenacityP 

Professor W. R. Johnson, a member of the sub-committee, 
has since applied the results developed in the precedinjo; experi- 
ments to practical purposes, in increasing the tenacity of wroughc 
iron by subjecting it to tension under a high degree of tempera- 
ture, before nsing it for purposes in which it will have to undergo 
considerable strains, as, for example, in chain cables, &c. 

This subject was brought by Prof. Johnson before the Board 
of Navy Commissioners in 1841 ; subsequently, experiments were 
made by him under direction of the Navy Department, the result» 
of whicn, as exhibited in the following Table, were published ia 
the Senate Public DocumentSj (1) 28^A Congress, 2d Session^ 
p.641. Dec. 3, 1844. 

Table of the effects'of Thermo-tension on the Tenacity and 

Elongation of Wrought Iron, 



Kiiro or nio«. 


Strongtlt 
ofooTa. 


Strengüi af- 
ter treatinf 
wlthTher- 
mo-teBskm. 


Gainor 
Length. 


Galaof 

•trongth by 

thetreat- 

meat. 


Total gala 
ofvalne. 


Tredegar, No. 1, roand iron 

Do. do. 
Tredegar, Square bar iron 
Tredegar, No. 3, round iron 
Saliabory, round, (Arnes*) 

Mean, 


60 
60 
60 
58 
105.87 


71.4 
73.0 
67.3 
68.4 
131.0 


6.51 

6.51 

6.77 

5.363 

3.73 


19.00 
30.00 
13.00 
17.93 
14.39 


35.51 
36.51 
18.77 
33.19 
18.03 


— 


— 


5.75 


16.64 


33.40 



Prof. Johnson in his letter remarks : '' It will be observed that 
in these experiments the temperature has, with a view to economy 
of time, been limited to 400®, whereas the best effects of the pro- 
cess have generally been obtained heretofore when the heat has 
been as high as 575®." 

332. Resistance of Iron Wire to Impact. The foUowing Ta- 
ble of experiments gives the results obtained by Mr. Hodgkmson, 
by suspending an iron ball at the end of a wire, (diameter No. 17,) 
and lettin^ another iron ball impinge upon it from different alti- 
tudes. The suspended and impin^ing balls had holes drilled 
throu^h them, through which the wire passed. A disc of lead 
was ^aced on the suspended ball to receive the blow, and lessen 
the recoil üöm elasticity. 
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Table. 





Wtwfater 
Mrikinff bftlL 


Wti^t of 

MMBMUltd 

IwUuidlMd. 


ft. in. 


11». OC 


Ibs. OS. 


as 


5 14 


9 


94 • 


6 


10 1 


^^. 


^^. 


44 


.. 


^ 


80 8 


i. 


— 


89 


— _ 


«. 


ISS 


— 


40 


10 1 


— 


— 


80 8 


— 


— 


89 


34 8 


85 


44 



H«tf ht fiill«n throufla bj strikinr 
ball. 



S, «4, 3, 3», 4, 

(repeated) 24, 3, 31, 4, 4i, 



7, 



(repeated wlth fleth wUe,) 6, 
1, CiTs, 6, «i, 7, 
6, 64, 7. 74. 8, 8:4, 9, 
8, 8V, 9, 94, 10, 104. 
8, 81, 0, H, 10, 

3, 4 incbes, 
S, 3, 4, 5, 6 inehea. 

4, 5 incbM, 
3 inches, 



WiK brake 
■rith baMfcll - 



11 

104 

5 inches 
7 do. 

6 do. 
3 do. 



Nolead. 



Thawire omaUj 
broke neartbe point 
of iiDiMiet, uid it 
»WMaaJuated U iu 
Itnjrth, if fraah wiie 
wtn not uaed \ty a 
raterre at the top. 

Bfoke (me inch 
fiomtop. 



The follofwing observations are made by Mr. Hodgkinson : 
** To ascertain the strength and extensibility of this wire, it was 
broken in a very careful experiment with 252| Ibs., suspended 
at its lower end, and laid gradually on. And to obtain the incre» 
ment of a portion of the wire (length 24 ft. 8 in.) when loaded by 
a certain weight, it had 139 Ibs. hung at the bottom, and when 
89 Ibs. wäre taken off the load, the Ivire decreased in length .39 
inch. 

" Should it be suggested that the wire by being frequently im- 
pinged upon would perhaps be much weakened, the author would 
Deg to refer to a paper of his on Chain Bridges, Manchester Me- 
moirsy 2d series, vol. 5, where it is shown that an iron wire broken 
by pressure several times in succession is very little weakened, 
and will nearly bear the same weight as at first." 

'' The first of the preceding experiments on wires are the only 
ones firom which the manmum can, with any approach to cer- 
tainty, be Hiferred ; and we see from them that tfie wire resisted 
the impulsion with the greatest effect when it was loaded at bot- 
tom Wlth a weight, which, added to that of the striking body, was 
a little more than one third of the weight that would break the 
wire by pressure." 

" From these experiments generally, it appears that the wire 
was weak to bear a blow when lightly loaded." 

" These last experiments and remarks, and some of the prece- 
ding ones," (on horizontal impact,) " show clearly the benefit of 
giving considerable weight to elastic structures subject to impact 
and Vibration." 

333. Resistance to Torsion of Wrought and Cast Iron. The 
foUowing Table exhibits the results of experiments made by 
Mr. Durüop, at Glasgow, on round bars of wrought iron. The 
twisting weights were applied with an arm of lever 14 feet %-, 
mches. 
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LengCh of bu« 
inlnchM. 



i 



3i 

3 
3 
4 
5 
5 
5 
6 



IMameter of lNurt|Wei^ti]ilbt 
ininches. 



dncing mptniB. 



950 

384 

408 

700 

1170 

1340 

1663 

1938 

2158 



Table of experiments made by Mr. G, Rennte upon Cast and 
Wrought Iron. Weight applied at an arm of lever of 2feeL 
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334. Strengte of Copper. The various uses to which cop- 
per is applied in constructioDS, render a knowledge of its resist- 
ance under various circumstances a matter of great interest to the 
engineer. 

Resistance to Extension, The re»stance of cast copper on 
the Square inch» firom the experiments of Mr. G. Rennie, is 8.51 
tons, that of wrought copper reduced per hammer at 15.08 tons. 
Copper wire is stated to bear 27.30 tons on the Square inch. 
From the experiments made under the direction of the Franklin 
Institute, abeady cited, the mean strength of roUed sheet copper 
is stated at 14.35 loa» per Square inch. 

Resistance to Compression» Mr. Rennie's experiments on 
cube« of one fourth ot an inch on the edge, give for the crushing 
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weight of a cube of cast copper 7318 Ibs., and of wrought copper 
6440 Ibs. 

335. Effects of Temperature on Tensüe Strength. The ex- 
periments akeady cited of the Franklin Institute, show that the 
difference in strength at the lower temperatures, as between 60® 
and 90®, is scarcely greater than what arises firom irregularities 
in the structure of me metal at ordinary temperatures. At 550® 
Fahr, copper loses onefourth of its tenacity at ordinary tempera- 
tures, at 817® precisely one halfy and at 1000® two thirds. 

Representing the results of experiments by a curve of which 
the onlinates represent the temperatures above 32®, aiid the ab- 
scissas the dimmutions of tenacity arising from increase of tem- 
perature, the relations between the two will be thus expressed : 
the Squares of the diminutions are as the cubes of the tempera- 
tures. 

336. Strength of other Metals. Mr. Rennie states the 
tenacity of cast tin at 2.11 tons per square inch ; and the resist- 
ance to compression of a small cube of J of an inch on an edge 
at 966 Ibs. 

In the same experiments, the tenacity of cast lead is stated at 
0.81 tons per square inch ; and the resistance of a small cube of 
same size as in preceding paracraph at 483 Ibs, 

In the same experiments, tne tenacity of hard gun-metal is 
stated at 16.23 tons ; that of fine yellow brass at 8.01 tons. The 
resistance to compression of a cuoe of brass the same as before- 
mentioned, is stated at 10304 Ibs. 

337. Linear Dilatation of Metals by Heat. The foUowinff 
Table is taken firom results of experiments on the dilätation of 
soUds, by Professor Daniell, published in the Philosophical 
TransactionSf 1831. 

Table of Dimensions which a bar takes whose length at 62^ is 
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338* Adkesion of Iran Spikes to Timber. The foUowing 
Tables and results are taken from an article, by Professor 
Walter R. Johnson, published in the Journal of the Franklin 
Institute, vol. 19, 1837, givin^ the details of experiments made 
by him on spikes of Tarious forms driven into dmerent kinds of 
timber. 

339. The first series of eroeriments was made with Burden's 
piain Square spike, the flanched, ^ooved, and swell spike, and 
the grooved ana swelled spike. The timber was seasoned Jersey 
yellow pine, and seasoned white oak. 

From these experiments it results, that the grooved and swelled 
form is about 5 per cent. less advantageous than the piain, in yel- 
low pine, and about 18^ per cent. superior to the piain in oak. 
The advantage of seasoned oak over the seasoned pine, for re- 
taining piain spikes, is as 1 to 1.9, and for grooved spikes as 1 to 
2.37. 

340. The second series of experiments, in which the timber 
was soaked in water after the spikes were driven, gave the fol- 
lovring results. 

For swelled and grooved spikes, the order of retentiveness vms, 
1 locust ; 2 white oak ; 3 hemlock ; 4 unseasoned chesnut ; 5 
yellow pine. 

For grooved spike without swell, the like order is — 1 imsea- 
soned chesnut ; 2 yellow pine ; 3 hemlock. 

The swelled and grooved spike was, in all cases, foimd to be 
inferior to the same spike with the swell filed off. 

341 . The third series of experiments gave the following results. 
Thoroughly seasoned oak is twice, and thoroughly seasoned 

locust 2f times as retentive as unseasoned chesnut. 

The forces required to extract spikes are more nearly propor- 
tional to the breadths than to either the thickness or the weights 
of the spikes. And, in some cases, a diminution of thickness 
with the same breadth of spike aflforded a gain in retentiveness. 

*' In the softer and more spongy kinds of wood the fibres, in- 
stead of being forced back longitudinally and Condensed upon 
themselves, are, by driving a thick, and especially a rather ob- 
tusely-pointed spike, folded in masses backward and downward so 
as to leave, in certain parts, the faces of the grain of the timber 
in contact with the surface of the metal." 

'^Hence it appears to be necessary, in order to obtain the 
greatest eifect, that the fibres of the wood should press the faces 
as nearly as possible in their longitudinal direction, and with equal 
intensities throughout the whole length of the spike." 

The following is the order of superiority of the spikes firom 
that of the ratio of their weights and extracting forces respec- 
tively. 

14 
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1. NuTow iat . . 7.049 ratio of weicht to azdaeting foiee. 

2. Wideilat . . . 6.713 " « « 

3. Grooved bat not swelled 5.663 ** ^* ^ 

4. GrooTed and not notched 5.300 '* '< <* 

5. GrooTed and swelled . 4.634 " " ^ 

6. Bniden's patent . 4.500 

7. Square hammered . 4.130 

8. Plain cylindrical . . 3.300 



u u u 

ii ii u 

« « u 



" All the experiments prove that whcn a spike is once started, 
the force required for its final extraction is much less than that 
which jproducedthe first movement." 

** Wnen a bar of iron is spiked upon wood, if the spike be 
driven until the bar compresses the wood to a great decree, the 
recoil of the latter may become so great as to start back the spike 
for a Short distance after the last blow has been given." 

342. From the fourth series of experiments it appears, that the 
spike tapering gradually towards the cutting edge, gives better 
results than those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ; '* showine that it would 
be more economical to increase the number rather than the length 
of the spikes for producing a given effect." 

'' That the absolute retaining power of unseasoned chesnut on 
Square or flat spikes of from two to four inches in length, is a 
little more than 800 Ibs. for every Square inch of their two faces 
which condense longitudinally the fibres of the timber." 
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MASONRY. 

343. Masonut is the ärt of raising structures, in stone, brick, 
and mortar. 

344. Masonry is classified either from the nature of the mate- 
rial, as stone masonry, brich masonry, and mixed, or that which 
is composed of stone and brick ; or from the öianner in which 
the material is prepared, as cut stone or ashlar masonry, nibble 
stone or rough masonry, and hammered stone masonry; or, 
finally, from the form of the material, as regulär masonry, and 
irregulär masonry, 

345. Cut Stone. Masonry of cut stone, when carefully made, 
is stronger and more solid than that of any other class ; but, owing 
to the labor required in dressing, or preparing the stone, it is also 
the most expensive. It is, therefore, mostly restricted to those 
works where a certain architectural eflfect is to be produced by 
the regularity of the masses, or where great strength is indispen- 
sable. 

346. Before explaining the means to be used to obtain the 
greatest strength in cut stone, it will be necessary to give a few 
definitions to render the subject clearer. 

In a wall of masonty, the term face is usually applied to the 
front of the wall, and the term back to the inside ; the stone 
which forms the front, is termed the facing ; that of the back, 
the backing ; and the interior, iheßllinff. If the front, or back 
of the wall, has a uniform slope from the top to the bottom, this 
slope is termed the batter, or bätir. 

The term course is applied to each horizontal layer of stone 
in the wall : if the stones of each layer are of equal thickness 
throughout, it is termed regulär coursing; if the thicknesses are 
Xmequal, the term random, or irregulär coursing, is applied. 
The divisions between the stones, in the courses, are termed the 
joints ; the Upper surface of the stones of each course is also, 
sometimes, termed the bed, or build. 

The arrangement of the different stones of each course, or of 
contiguous courses, is termed the bond. 

347. The strength of a mass of cut stone masonry will depend 
on the size of the blocks in each course ; on the accuracy of the 
dressing ; and on the bond used. 

348. The size of the blocks varies with the kind of stone, and 
the nature of the quarry. From some quarries the stone may be 
obtained of any required dimensions ; others, owing to some pe- 
culiarity in the formation of the stone, only fruiiish blocks of small 
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size. Again, die strength of some stones is so great as to admit 
of their being used in blocks of any size, without danger to the 
stability of the structure, arising from their breaking ; others can 
only be used with safety, when the length, breadth, and thickness 
of the block bear certain relations to each other. No iixed rule 
can be laid down on this point : that usually foUowed by builders, 
is to make, with ordinary stone, the breadtn at least equal to the 
thickness, and seldom greater than twice this dimension, and to 
limit the length to within three times the thickness. When the 
breadth or the length is considerable, in comparison with the 
thickness, there is danger that the block may break, if any un- 
equal setding, or unequal pressure should take place. As to the 
absolute dimensions, die tnickness is generally not less than one 
foot, nor greater than two ; stones of this thickness, with the rel- 
i^tive dimensions just laid down, will weigh from 1000 to 8000 
pounds, allowing, on an avera^, 160 pounds to the cubic foot. 
With these dimensions, theretore, the weight of each block will 
require a very considerable power, both of machinery and men, 
to set it on its bed. 

349. For the coping and top courses of a wall, the same ob- 
jections do not apply to excess in length : but this excess may, on 
the contrary, prjove favorable ; because the number of top joints 
being thus diminished, the mass beneath the coping will be better 
protected, being exposed only at the joints, whichcannot be made 
water-tight, owing to the mortar being crushed by the expansion 
of the Uocks in warm weather, and, when they contract, being 
washed out by the rain. 

350. The closeness with which the blocks fit is solely depen^ 
dent on the accuracy with which the surfaces in contact, are 
wrought or dressed ; if this part of the work is done in a slovenly 
manneri the mass will not only present open joints from any in- 
equality in the settling ; but, from the courses not fitting accurately 
on their beds, the blocks will be Uable to crack from the unequsu 
pressure on the different points of the block. 

351. The surfaces of one set of joints should, as a prime con- 
dition, be perpendicular to the direction of the pressure : by this 
arrangement, there will be no tendency in any of the blocks to 
slip. In a vertical wall, for example, the pressure beine down- 
ward, the surfaces of one set of Joints, which are the beds, must 
be horizontal. The surfaces oi the other set must be peipen- 
dicular to these, and, at the same time, perpendicular to the face, 
or to the back of the wall, according to the position of the stones 
in the mass ; two essential points will thus be attained ; the an- 

S^les of the blocks, at the top and bottom of the course, and at the 
äce or back, will be right angles, and the block will therefore be 
as strong as the nature of die stone will admit. The principles 



faere applied to a vertical wall, are applicable in all coses, what- ' 
ever may be the direction of the pressure and tiie fonn of the ei- 
terioT simaces, whether plane or cuired. 

352. A modification of this principle, however, may in aome 
cases' be requieite, arising from tbe strength of the stone. It is 
laid down as a nile, drawn from the experience of builders, that 
HO stone work with angleB less than 60° will offer sufficient 
strength and durabiUty to resist accidents, and the effects of the 
weather. If, therefore, the batter of a wall should be greater than 
60*, which is about 7 perpendicular to 4 baae, the horizontal 
joints (Fig. 6) must not be carried out in the same plane, lo the 
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A,laceariheUock. 

e, elbow joinL 

B, buUnm block, leniM 



face or back, but be broken off at right angles to it, so as to 
fonn a sniail abutting Joint of about 4 inches in thickness. As 
the batter of walls is seldom so great as this, ezcept in eome cases 
of sustaining walls for the side slopes of earthen embankments, 
this modification in the joints will not often occur; for, in a 
greater batter, it will generaUy be more economical, and the 
constniction will be stronger, to place the stones of the exterior in 
ofisets, the exterioT stone of one course, being placed within the 
ezterioi one of the course below it, so as to give the required 

Sneral direcbon of the batter. The aiiangement with of^ts 
s the farther adrantage in its favor of not allowine the rain 
water to lodge in the Joint, if the offset be slightly bevelled off. 

353. Workmen, unlese narrowly watched, seldom take the pains 
necessaiy to dresa the beds and joints accurately ; on the con- 
trary, to obtain what are termed dose joints, they dress the joints 



Fig 7— Beintsenta ■ nction of s wsll in which tbe 
boe i( of cut atone, wilh the taUs of tbe block» 
thinned ttf, and Ihe backiiig of labUe. 

A, wctien of fu» block. 

Biiubtde becküig. 



with accuracy a few inches only &om the outward surface, and 
then chip away the slone towaida the back, or tail, (Fig. 7,) so 
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that, vhen tbe block is set, it will be in contact with ihe adjac^it 
stoDes, only thioughout this very small extent of bearina suriice. 
Thia practice is objeclionable under every point of view ; for, 
in the firet place, it gives an extent of bearing surface, which, 
being generally inadequate to resist the pressure thrown od it, 
causes the block to splinter off at the Joint ; and in the second 
place, to give the block its proper set, it has to be propped be- 
neath by small biu of slone, or wooden wedgea, an Operation 
ienaed pinni«g-up, or under-pinningy and these props, caueing 
the pressiire on tne block to be thrown on a few points of the 
lower suiface, instead of being equally diffused over it, expose 
the stone to crack. 

354. When the facing is of cut stone, and the backing of nib- 
ble, ihe method of thinmng off the blpck may be allowed for the 
purpose of forming a better bond belween the nibble and ashlar ; 
out, even in this case, the block should be dresaed tnie on each 
Joint, to at least one foot back from the face. If there exists any 
cause, which would give a tendency to an outward thrust from 
the back, then, instead of thinning off all the blocks towards the 
tail, it will be preferable to leare the tails of some tbicker than 
the parts which are dressed. 

355. Various methods are used by builders for the bond of cut 
stone. The system, termed headers and stretchers, in which the 
vertical Joints of the blocks of each couxse altemate with the ver- 
tical joints of the courses above and below it, or as it is termed 
^aA_;'ointe with them, is the most simple, and offers, in most cases, 
alt requisite solidity. In this system, {Fig. 6,) the blocks of each 
course are laid altemately with their greatest and least dimensions 
to the face of the wall ; those which present the longest dimen- 
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sion along the face, are termed slretchers ; the others, headers. 
If the header reaches from the face to the back of ihe wall, it is 
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termed a thraugh ; if it cmly reaches part of the distance, it is 
termed a Hnder. The veiücal joints of one course are either 
just over the middle of the blocks of the next course below, or 
eise, at least four inches on one side or 'the other of the vertical 
joints of that course ; and the headers of one course rest as nearly 
as practicable on the middle of the stretchers of the course be- 
neath. If the backing is of rubble, and the facing of cut stone, a 
System of throughs or binders, similax to what has just been ex- 
plained, must be used. 

By the arrangement here described, the facing and backing of 
each course are well connected; and, if any unequal settling 
takes place, the vertical joints cannot open, as would be the case 
were they in a continuea line from the top to the bottom of the 
mass ; as each block of one course confines the ends of the two 
blocks on which it rests in the course beneath. 

356. In masses of cut stone exposed to violent shocks, as those 
of which light-houses, and sea-walls in very exposed positions 
are fonned, the blocks of each course require to be not only very 
firmly united vdth each other, but also with the courses above 
and below them. To efFect this, various means have been used. 
The beds of one* course are sometimes arranged with projections 
(Fig. 9,) which fit into corresponding indentations of tne next 
course. Iron cramps in the form of me letter S, or in any other 
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shape that will answer the purpose of giving them a firm hold on 
the blocks, are let into the top of two blocks of the same course 
at a vertical Joint, and are nrmly set with melted lead, or with 
bolts, so as to confine the two blocks together. Holes are, in 
some cases, drilled through several courses, and the blocks of 
these courses are connected by strong iron bolts fitted to the 
holes. 

The most noted examples of these methods of strengthening 
the bond of cut stone, are to be found in the works of the Romans 



which have been preseired to our time, and in two celebnted 
modern structures, the Eddy-stone and Bell-rock U^t-houses in 
Great Britain. (Fig. 10.) 



taken from a tiomaatti aaction et the manarf «( 
tha Bell-rock ligbl-haoae. 



_ 357. The manner of dressing sione belonga to the stonecutleT*8 
art, but the engineer should not be inattentive either to the accu- 
racy with which the dressino; is performed, or the meana employed 
to effect it. The tools chiefly used by the workraan are the 
chiael, axe, and hammer for Ano/ft'ng-. The usual manner of dress- 
ing a surface, is to cut draughts around and across the stone with 
the chisel, and then to use the chisel, the axe with a seirated edge, 
or the knotting hammer, to work down the intermediate portion» 
into the sanie Burface with the draughts. In performing thia last 
Operation, the chisel and axe should alone be used for soft stones, 
as the grooves on tifb surface of the hammer are iiable to become 
choked by a soft material, and the stone may in consequence be 
materially injiired by the repeated bJows oi the workman. In 
bard stones Ulis need not be apprehended. 

In large blocks which require to be raised by machineiy, a 
hole, of the shape of an inverted trunc-ated wedge, is cut to receive 
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a anull iron Instrument termed a lewis, (Fig. 11,) to which the 
rope ia attached for suspending the block ; or eise two boles are 
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cut obliquely into the block to receive bolts with eyes for the 
Same puipose. 

When a block of cut stone is to be laid, the first point to be 
attended to, is to examine the dressing, which is done by placing 
the block on its bed, and seein^ that the joints fit close, and the 
face is in its proper plane. If it be found that the fit is not accu- 
rate, the inaccuracies are marked, and the re(][uisite changes made. 
The bed of the course, on which the block is to be laid, is then 
thoroughly cleansed from dust, &c., and well moistened, a bed 
j^of thin mortar is laid evenly over it, and the block, the lower sur- 
face of which is first cleansed and moistened, is laid on the mor- 
tar-bed, and well settled by striking it with a wooden mallet. 
When the block is laid against another of the same course, the 
Joint between them is prepared with mortar in the same manner 
as the bed. 

358. Rubble Stone Masonry. With good mortar, nibble 
work, when carefully executed, possesses all the strength and 
durability required in structures of an ordinary character ; and it 
is much less expensive than cut stone. 

359. The stone used for this work should be prepared simply 
by knocking ofi" all the sharp, weak angles of the block ; it is then 
Cleansed irom dust, &c., and moistened, before placing it on its 
bed. This bed is prepared by spreading over the top of the lower 
course an ample quaniity of good ordinary-tempered mortar, into 
which the stone is firmly imbedded. The interstices between the 
larger masses of stone are filled in, by thrusting small fragments, 
or chippings of stone, into the mortar. Finally, the whole course 
may be carefully grouted before another is commenced, in order 
to fiU up any voids left between the füll mortar and stone. 

360. To connect the parts well together, and to strengthen the 
weak points, throughs or binders should be used in all the courses ; 
and the angles should be constructed of cut or hammered stone. 
In heavy walls of rubble masonry, the precaution, moreover, 
should be observed, to lay the stones on their quarry-hed; that 
is, to give them the same position, in the mäss of masonry, that 
they had in the quarry ; as stone is found to ofier more resistance 
to pressure in a direction perpendicular to the quarry-bed, than 
in any other. The directions of the lamina in stratified stones, 
Show the Position of the quarry-bed. 

361. Hammered stone, or dressed rubble, is stone roughly 
fashioned into regulär masses with the hammer. The same pre-^ 
cautions must be taken in laying this kind of masonry, as in the 
two precedinff. 

362. Brick Masonry, With good brick and mortar, thi» ma- 
sonry ofiers great strength and durabihty, arising firom the streng 
adhesion between the mortar and brick. 

15 
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363. The bond used in brick work is very varioiis, depending 
oa the character of the structure. The most usual kmds are 
known aa the English and Flemish, The first consiats in ar- 
ranging the courses altemately, entiiely as headers or stretchen, 
the bricks through the course breaking jointa. In the second the 
bricks are laid as headers and stretchers in each course. The 
first is stated to giye a strenger bond than the kust, the bricks of 
whichy owing to the difficulty of preventing continuous joints, 
either in the same or different courses, are Uable to separate, 
causing the face or the back to bulge outward. The Ilemisl) 
bond presents the finer arehitectural appearance, and is therefore 
preferred for the fironts of edifices. 

364. Timber and iron have both been used to strengdien the 
bond of brick masonry. Among the most remarkable ezamples 
of their uses are the well, faced in brick, forming an entrance to 
the Thames Tunnel, the celebrated work of Mr. Brunei, and his 
experimental arch of brick, a description of which is given in the 
Civil Engineer and Architecfs Journal^ No. 6, vol. i. In both 
these structures Mr. Brunei used pantile laths and hoop iron, in 
the interior of the horizontal courses, to connect two contiguous 
courses throu^out their length. The efficacy of this method 
has been farther fully tested by Mr. Brunei, in experiments made 
on the resistance to a transversal strain of a brick beam bonded 
with hoop iron, accounts of which, and of experiments of a like 
kind, are giyen by Colonel Pasley in his work on Limesj Calca- 
reous CementSj glc. 

365. The mortar-bed of brick, may be either of ordinary, or 
thin-tempered mortar ; the last, however, is the best, as it md^es 
closer jomts, and, containing more water, does not dry so rapidly 
as the other. As brick has great avidi^ for water, it would al- 
ways be well not only to meisten it before laying it, but to allow 
it to soak in water several hours before it is used. By taking 
this pr^caution, the mortar between the joints will set more firmly 
than when it imparts its water to the dry brick, which it firequently 
does so rapidly as to render the mortar pulyerulent when it has 
dried. 

FOÜNDATIONS. 

366. The term foundatüm is used indifierently either for the 
lower courses of a structure of masonry, or for the aitificial 
arrangement, of whateyer character it may be, on which these 
courses rest. For more perspicuity, the term bed of tkefounda" 
tion will be used in this work when the latter is designated. 

367. The strength and durability of structures of masonry do- 
pend essentially upon the bed of the foundaticm. In arranging 
this, regard must be had not only to tlie permanent efbrts which 
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the bed may have to support, but to those of an accidental cha*- 
lacter. It should, in all cases^ be placed so far below &e suifac^ • 
of the soil on which it rests, that it will not be liable to be un^ 
covered, or exposed ; and its surfiBu^e should not (»ly be nonnal ' 
to the resultant of the efforts which it sustains, but this reisultaht 
should intersect the base of the bed so far within it, that the por- 
tion of the soU between this point of ifttetseetion and the outward ' ' 
edge of the base shall be broad enou^ to prevcint its yiekling ■^• 
firom the pressure thrown on it. <• 

368. The first preparatory step to be taken, in determining the 
kind of bed required, is to ascertain the nature <rf the subsoil on ^ 
which the structure is to be raised. This may be done, in <»^ > 
dinary cases, by sinking a pit ; but where the subsoil is composed 

of various strata, and me struGture> demänds extraordinary pre^ 
caution, borings must be made with the tools usually employed 
for this purpose. 

369. With respect to foundations, soils are usually diTided ^ 
into three classes : 

The Ist class consists of soils which are incompresnble, or, at 
least, so slighdy compressible, as not to affect the stabiltty of the . 
heayiest masses laid upon them, and which, at the same time, do 
not yield in a lateral du'ection. Solid rock, some tuias, compact 
stony soils, hard clay which yields only to the pick, or to blast" 
ing, belonff to this class. 

The 2d class consists of soils which are incompressiUe, but 
require to be confined laterally, to prevent them iiom spreading 
out. Pure gravel and sand belong to this class. 

The 3d class consists of all the varieties of compressibl^ smls ; 
under which head may be arranged ordinary clay, the common 
earths, and marshy soik. Some of this class are K>und in a more 
or less compact State, and are compressible only to a eertain ex* 
tent, as most of the varieties of clay and common eartb; others 
are found in an almost fluid State, aiid yiekl, with facäity, in eveiy 
direction. 

370. To prepare the bed for a foundation on rock, theLdiick* 
ness of the Stratum of rock should first be ascertained, if there are 
any doubts respecting it : and if there is any reason to suppose 
that the Stratum has not sufBicient strength to bear the weight of 
the structure, it should be tested by a trial weight, at least twice 
as great as the one it will have to bear permanently. The rock 
is next properly prepared to receive the foundation courses, by 
levelling its sunace, which is effected by breaking down all pro« 
jectinff points, emd filling up cavities, either with nibble masonry 
or wiui beton ; and by car^Uy removing any portions of Ae uji * 
per Stratum which present indicatipns of having been imured oy ' 
the weather. The surface, prepared in tinsf miömer, should, more« 
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a?er, be perpendicular to the direction of the pressure ; if this is 
▼ertical, the surface should be horizontal, and so for any other 
direction of the pressure. Should there, howeyer, be any diffi«- 
culty in so arranging the surface as to have it normal to the re- 
■Mltant of the pressure, it may receive a position such that one 
component of tue resultant shall be perpendicular to it, and the 
other parallel ; the latter beinff counteracted by the friction and 
adhesion between the base of me bed and the surface of the rock. 
If, owing to a great decUvity of the surface, the whole cannot be 
brought to the same leyel, tne rock must be broken into steps, in 
Order that the bottom courses of the foundation throughout, may 
lest on a surface peipendicular to the direction of the pressure. 
If fissures or cavities are met with, of so great an extent as to 
render the fiUing them with maaonry too expensive, an arch must 
then be formed, resting on the two sides of the fissure, to support 
that part of the structure above it. 

The slaty rocks require most care in preparing thentto receive 
a foundation, as their top Stratum will generally be found injured 
to a greater or less deptn by the action of frost 

371. In stony eartns and hard clay, the bed is prepared by 
digging a trench wide enough to receive the foundation, and deep 
enough to reach the compact soil which has not been injured by 
the action of frost : a trench from 4 to 6 feet, will generally faie 
deep enough for this purpose. 

372. In compact gravel, and sand, where there is no liabiUty 
to lateral yieldmg, either from the action of rain or any other 
cause, the bed may be prepared as in the case of stony earths. 
If there is danger from lateral .yielding, the part on which the 
foundation is to rest must be secured by confining it laterally by 
means of sheeting piles, or in any other way that wül offer sum- 
cient security. 

373. In la3ring foundations on firm sand, a fiirther precaution 
is sometimes resorted to, of placing a platform on the bottom of 
the trench, for the purpose of distributing the whole weight more 
uniformly over it. This, however, seems to be unnecessary ; for 
if the bottom courses of the masonry are well settled in theu* bed, 
there is no good reason to apprehend any unequal settling from the 
effect of the superincumbent weight : whereas, if the wood of the 
platform should, by any accident, give way, it would leave a part 
of the foundation without any support 

When the sand under the bed is liable to iniury from Springs, 
tfaey must be cut off,* and a platform, or, still better, an area of 
beton should compose the bed, and this should be confined on all 
sides between walls of stone, or beton sunk below the bottom of 
the bed. 

374. If« in opening a trench in sand, water is found at a slight 
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depih, and in such quantity as to impede the labors of the woik- 
men, and the trench cannot be kept dry by the use of pumps or 
scoops, a row of sheeting piles must be driven on each side of 
the Space occupied by it, somewhat below the bottom of the bed, 
the sand on the outside of the sheeting piles be thrown out, and 
its place filled with a puddling of clay, to fonn a water-tight en- 
closure round the trench. 'Hie excavation for the bed is th^ 
c<Hnmenced ; but if it be found that the water still makes rapidly 
at the bottom, only a small portion of the trench must be openedf, 
and after the lower courses are laid in this portion, the excavation 
will be gradually effected, as fast as the workmen can execute 
the work without difficulty from the water. 

375. The beds of foundations in compressible soils require pe- 
culiar care, particukrly when the soil is not homogeneous, pre- 
senting more resistance to pressure in one point than in another ; 
for, in that case, it will be veiy difficult to guard against unequal 
settling. 

376. In ordinary clay, or earth, a trench is dug of the proper 
width, and deep enough to reach a Stratum, beyond the action of 
frost ; the bottom of me trench is then levelled. off to receive the 
foundation. This may be laid immediately on the bottom, or 
eise upon a grillage and platform. In the first case, the stones 
forming the lowest course, should be firmly settled in their 
beds, by ramming them with a veiy heavy beetle. In the second 
a timber grating, termed a grillage, (Fig. 12,) which is formed 
of a course of heayy beams laid lengthwise in the trench, and 
connected firmly by cross pieces into which they are notched, is 
firmly settled in the bed, and the earth is solidly packed between 
the longitudinal and cross pieces ; a flooring of thick planks, 
termed a platform, is then laid on the grillage, to receive the 
lowest course of the foundation. The object of the grillage, and 




Fig. 19— Rflonwiits the unngemettt of a grilltge aad 
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platform, is to difiuse the weight more uniformly over the sur- 
jace of the trench, to prevent any part firom yielding. 
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377. Repeated fiEolures m grillages and ]datfQtiii0 
from tbe compressicm of the woody fib^e, or from a transvemal 
ftrain occaiioned 1w the subscHl onermg an unequal resistance, 
have impaired conndence in their e&cacy. Engineers now«pre* 
fer beds fonned of an area of beton, aa offering more aecurity than 
any bed of timber» either in a unifoimiy» as unequaUy compressi- 
ble 80Ü. 

378. The pieparation of an area of beton for the bed of a 
foundatioDy will depend OQ the circum^tanqes of the case. In 
ordinary casea the beton is thrown intothe trench, and carefuUy 
lanuned in layera of 6 oc 9 inchea» until the mortar collecta in a 
semi-fluid State on the top of the layer. If the base of ihe bed ia 
to be broader than the top, ita aides must be confined by boards 
auitably arranged for this puipose. Wheneyer a layer is left in- 
complete at one end» and another is laid upon it» an offset should 
be left at the unfinished extremity, for the puipose of connectiog 
the two layers more fiimly when the work on the unfinished part 
ia resumed. 

CcuQsiderable economy may be effected, in the quantity of be- 
ton required for the bed, by uaing larse blocks of stone which 
should be so distributed throughout the layer, that the beetle will 
i^eet with no difficul^ in aettung the beton between and around 
the blocks. 

When Springs rise through the soll over ifdiich the beton is to 
be spread, the water firom them must either be conveved off by 
artincial Channels, which will preyent it rising through the mass 
of beton and washing out the hme ; or eise atrang cl<&, piepared 
• so as to be ünpenneable to water, may be laid over the sur£Bu:e 
of the soll to receive the bed of beton. 

The artifidal Channels for conveying off the water may be 
fonned either of stone blocks with semi-cylindrical Channels cut 
in them, or of semi-cylinders of iron, or tUes» as may be most 
convenient. A sufficient number of these Channels should be 
fonned to give an outlet to the water as fast as it rises. 

An impermeable cloth may be formed of stout canvass, pre- 
pared wiUi Ibituoodnoua pitch and a dryin^ oil. It is well to have 
the doth doubled on each side with ordmary canvass to prevent 
accidents. The manner of settling the cloth on the sunace of 
the soil must depend on the circiunstances of the case. 

Each of the foreeoing eraedients for preventing the action of 
Springs on an area of beton, nas been tried with success. When 
artificial Channels are used, they may be completely choked sub- 
sequently, by injecting into them a semi-fluid hydraulic cement, 
and the action of the Springs be thus destroyed. 

Foundation beds of beton are frequently made without exhaust- 
ing tbe water from the area on wnich they are laid. For thia 
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porpose the beton is throwa in layers over the aiea, by using 
either a wooden conduit leaching nearly to the position of the 
layer» or eise by placing the beton (Fig 13) in a box by vrhich it 
is lowered to the position of the layer, and firom which it is de* 
posited so as not to pennit the water. to separate die lilne from 
the other ingredients. 





FSff. 1>— RfnraMili an end 
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Should it be found that «pringa boil up at the bottom, it must 
be covered \rith an impermeable cloth. 

379. In marshy spils, the pcincqial difficulty consists in fonn- 
ing a bed snfficiently finn to give stability to the structure, owing 
to the yieldin^ natuie of the aoil in all directions. 

The fdlowmg are some of the dispositions that have been triea 
with success in this case. Short pues from 6 to 12 feet long» 
and from 6 to 9 inches in diameter, are driven into the soil as 
close toffether as they can be crowded, over an area considerabhr 
greater than that which the structure is to occupy. The headls 
of the piks are accurately biought to a level to receive a crillage 
and platform ; or eise a layer of clay, from 4 to 6 feet thick, is 
laid over the area thus prepared with piles, and is either solidly 
rammed in layers of a foot thick, or submitted to a very heavy 
pressure for some time before commencing the fomidations. The 
object of preparing the bed in this manner,, is to give the Up- 
per Stratum of the soil all the firmness possible» hjr subjecting 
it to a strong compresnon from the piles ; and when tnis has 
been effected, to procure a firm bed for the lowest course of the 
foundation by the grillage, or clay bed; by these means the 
whole jHressure will be uniformly distributed throuffhout the en* 
tire area. This case is also one in which a bed of beton would 
replace, with great adyantage, either the one of clay, or the 
gnllage. 

The purposes to which the short piles are applied in this case» 
is diflfeient from the object to be attained usualiy in the employ- 
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ment of piles for foundations ; which is to transmit the weight of 
the structure that rests on the piles, to a firm incompressible soil, 
overlaid by a compressible one, that does not oner sufficient 
finnness for the bed of the foundation. 

380. When a firm soll is overlaid by one of a compressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinary dimensions, they should be used in 
preference to any other plan, when they can be rendered durable, 
on account of their economy and the security they afford. 

To prepare the bed to receive the foundations in this case, 
streng piles are driven at e(][ual distances apart, over the entire 
area on which the structure is to rest. These piles are driven, 
until they meet with a firm Stratum below the compressible one, 
which oners sufficient resistance to prevent them trom penetra- 
ting farther. 

381. Piles are generally firom 9 to 18 inches in diameter, witli 
a length not above 20 times the diameter, in order that they may 
not bend under the stroke of the ram. They are prepared for 
driving, by Stripping them of their bark, and paring down the 
knots, so that tne mction, in driving, may be reauced as much as 
possible. The head of the pile is usually encircled by a streng 
noop of wrought iron, to prevent the pile from being spUt by the 
action of the ram. The foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on ; or a 
cast-iron shoe of a suitable form for penetrating the seil may be 
cast around a wrought-iron holt, by means of wmch it is fastened 
to the pile. 




Fig. 14— Repreisnts a netioii thniigh the azk of a cait-iraii atioe and 
wroaght-iron bolt for a pile 



382. A machine, termed a püe engine^ is used for drivinff 
piles. It consists essentially of two uprights firmly connected 
at top by a cross piece, and of a ranif or monkey of cast iron, for 
driving the pile by a force of percussion. Iwo kinds of en- 
gines are in use ; the one termed a crab engine^ from the ma- 
chinery used to hoist the ram to the height from which it is to 
fall on the pile ; the other the ringing engine, from the monkey 
being raised by the sudden pull of several men upon a rope, 
by which the ram is drawn up a few feet to descend on the 
pile. 

The crab engine is by far the more powerful machine, but on 
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^8 account is inapplicable in some cases, as in the driving of 
casiriron piles, where the force of the blow might destroy the 
pile ; also in long slender piles it may cause the pile to spring so 
much as to prevent it from enterinff the subsoil. 

The 'manner of driving piles, ana the extent to which they may 
be forced into the subsofl, will depend on local circumstances. It 
sometimes happens that a heavy blow will effect less than several 
sliffhter blows, and that piles alter an interval between successive 
voSeys of blows, can with difficulty be started at first. In some 
cases the pile breäks below the sunace, and continues to yield to 
the blows, by the fibres of the lower extremity being crushed. 
These difficulties require careful attention on the part of the en- 

f'ineer. Piles should be driven to an unyielding subsoil. The 
rench civil engineers have, however, adopted a rule to stop 
the driving when the pile has arrived at its absolute stoppage^ 
this being measured by the farther penetration into the subsoil 
of about -^^ths of an inch, caused by a volley of thirty blows 
from a ram of 800 Ibs., falling from a height of 5 feet at each 
blow. 

383. If the head of a pile has to be driven below the level to 
which the ram descends, another pile, tbrmed a punchy is used 
for the purpose. A cast-iron socket of a suitable lorm embraces 
the head oi the pile and the foot of the punch, and the effect of 
the blow is thus transmitted through the punch to thei^ pile.. 

384. When a pile firom breaking, or any other cause, has to be 
drawn out, it is done by using a long beam as a lever for the pur- 
pose ; the pile being attached to the lever by a chain, or rope 
suitably adjusted. 

385. The number of piles requlred, will be regulated by the 
weight of the structure. An allowance of 1000 pounds on each 
Square inch vnll ensure safety. The least distance apart, at 
which the piles can be driven vnth ease, is about 2^ feet between 
their centres. If they are more crowded than Ulis, they may 
force each other up, as they are successively driven. When this 
is found to take place, the driving should be commenced at the 
centre of the area, and the pile should be driven with the butt end 
downward. 

386. From experiments carefiilly made in France, it appears 
that piles which resist only in virtue of the friction arising from 
the compression of the soil, cannot be subjected with safety to a 
load greater than one fifth of that which piles of the same dimen- 
sions will safely support when driven into a firm soil. 

387. After tne piles are driven, they are sawed off to a level, 
to receive a grillage and platform for the foundation. A large 
beam, termed a capping, is first placed on the heads of the out- 
side row of piles, to which it is fastened by means of wooden 

16 
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pins^ or tree^nails driven into an auger-hole, made through the 
cap into the head of eacfa pile. Alter the cap is fitted, longkudi* 
nal beams, termed string pieces, are laid lengthwise on the heads 
of each row, and rest at each extremity on the cap, to which they 
are fastened by a dove-tail Joint and a wooden pin. Another series 
of beams, termed cross pieces, are laid crosswise on the string 
pieces, oyer the heads oT each row of piles. The cross and string 
pieces are connected by a notch cut into each, so that, when put 
together, their nmer surfaces majr be on the same leyel, and they 
are fastened to tne heads of the piles in the same manner as the 
capping. The extremities of the cross pieces rest on the capping, 
and are connected with it, like the string pieces. 

The platform is of thick planks laid over the grillage, witfa 
the extremity of each plank resting on the capping, to which, 
and to the string and cross pieces, the planks are fastened by 
nails. 

The capping is usually thicker than the cross and string pieces 
by the thickness of the plank ; when this is the case, a rabate, 
about four inches wide, must be made on the inner ec^e of the 
capping, to receive the ends of the planks. 

388. An objection is made to die platform as a bed for the 
fomidation, owing to the want of adhesion between wood and 
mortar ; firom which, if any unequal settling should take place, 
the foundations would be exposed to slide off the platform. To 
obviate this, it has been proposed to replace the grillage and plat* 
form by a layer of beton resting partly on the heads of the piles, 
and partly oa the soil between them. This means would fumish 
a firm bed for the masonry of the foundations, devoid of the ob- 
jections made to the one of timber. 

To counteract any tendency to sliding, the platform may be 
inclined if there is a lateral pressure, as in the case, for example, 
of the abutments of an arch. 

389. In soils of alluvial formation, it is common to meet with 
a Stratum of clay on the surface, underlaid with soft mud, in 
which case, the driving of short piles would be injurious, as the 
tenacity of the Stratum of clay would be destroyed by the Oper- 
ation. It would be better not to disturb the upper Stratum 
in this case, but to give it as much firmness as possible, by 
ramming it with a heavy beeüe, or by submitting it to a heavy 
pressure. 

390. Piles and sheeting piles of cast iron have been used with 
complete success in England, both for the ordinaiy purposes of 
cofferdams, and for permanent structures for wnarfing. The 
piles have been cast of a variety of forms ; in some cases they 
nttve been cast hollow for the purpose of excavating the soil 
withinthe pile as it was driven, and thus facilitate its penetration 
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into ihe Eubsoil. Fig. 15 lepresetits a cro&s secücm of ooe ot ibe 
more recent anangemeiita of iron piles and sheeting piles. 
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391. Sand has also been used -with advantage to fona a bed 
for foundaUoiiB in a Teiy compressible soil. For this purpose 
a trench is (Fig. 16) excarated, and filled with sand ; the sand 
being spread in layers of aboüt 9 inche», and each layer being 
firmfy settled by a heavy beeile, before laying the next If water 
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should make rapidly in the trench, it would not be practtcable to 
pack tbe Band in layers. Instead, therefore, of opening a trench^ 
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holes about 6 feet deep, and 6 inches in diameter, (Tig. 17,) 
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should be made, by means of a short pile, as dose to^ether as 
pracücable ; when the pile is withdrawn from the hole, it is im- 
mediately fiiled with sand. To cause the sand to pack finnly, it 
should he slightly moistened before placing it in the holes, or 
trench. 

Sand, when used in this way, possesses the valuable property 
of assuming a new position ot equiUbrium and stability, should 
the soil on which it is laid yield at any of its points. T^ot only 
does this take place along the base of the sand bed, but also along 
the edges, or sides^ when these are enclosed by the sides of the 
trench made to receive the bed. This last point offers also some 
additional security against yielding in a lateral direction. The 
bed of sand must, in all cases, receive sufficient thickness to cause 
the pressure on its upper surface to be distributed over the entire 
base. 

392. When, firom the fluidity of the soil, the vertical pressure 
of the structure causes the soil to rise around the bed, this action 
may be counteracted, either by scooping out the soil to some depth 
around the bed and replacing it by another of a more compact 
nature, well rammed in layers, or with any rubbish of a solid 
character ; or eise a mass of loose stone may be placed over the 
surface exteiior to the bed, whenever the character of the struc- 
ture will Warrant the expense. 

393. Precautions against Lateral Yielding. The soils which 
have been termed compressible, strictly speaking, yield only by 
the displacement of their particles either in a lateral direction, or 
upwara around the structure laid upon them. Where this action 
arises from the effect of a vertical weight, uniformly distributed 
over the base of the bed, the preceding methods for giving per- 
manent stabiUty to structure, present all requisite security. ^ut 
when the structure is subjected also to a lateral pressure, as for 
example, that which would arise from the action of a bank of 
earth resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to (]^ve a 
row of streng Square piles in juxtaposition immediately in contact 
with the exterior edges of the bed. This expedient is, however, 
only of Service where the piles attain either an incompressible 
soil, or one at least firmer than that on which the bed imme- 
diately rests. For otherwise, as is obvious, the piles only serve 
to transmit the pressure to the yielding soil in contact with them. 
But where they are driven intö a mm soil below, they gain a 
fixed point of resistance, and the only insecurity äiey oner is 
either by the rupture of the niles, from the cross strain upon 
them, or from the yielding of the firm subsoil, from the same 
cause. 
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In case the piles reach a arm subBoil, it will be best to scoop 
out die Upper yielding soil before driTuiE the piles, and to fUl in 
between and around them with looae broken stone, (Fig. 18.) 
This will give the piles greater Btifiness, and effectually prerenl 
them from spreading at top. 
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When the piles cannot be secured by attaining a firm subsoil, 
it will be better to drive thera around the area al some distance 
JVoin the bed, and, as a farther precaution, to place horizontal 
buttresscB of masonry at regulär intervals from the bed to the 
piles. By this arrangement, some additional aecurity is gained 
from the counter-prCBBure of tlie soil encloaed between the bed 
and the wall of piles. Bat it is obvioua that unlcsa the piles in 
this case are driven into a finner soil than that on which the struo 
ture rests, there will still be danger of yielding. 

In using horizontal buttresses, the stone of which they are con- 
structed should be dressed with care ; their extremities near the 
wall of piles should be connected by horizontal arches, (Fig. 19,) 
to distribute the pressure more uniJomily ; and where there is an 
upward pressure of the soil around the structure, arising from its 
weight, tbe buttresses ought to be in the form of reversed arches. 

In buttresses of this kind, as likewise in broad areas restJng on 
a very yielding soil, since as much danger is to be apprehended 
from their breaking by their own weight as from any other cause, 
it must be carefutly guarded against. Something may be done 
for this purpose by ramming the earth around the structure with 
aheavy Deetle, when it can be made more compact by this means ; 
Ol eise a part of the upper soil may be removed, and be replaced 
by one of a more compact nature which may be rammed in 
layers. 




The following methoda, where they can be resorted to, and 
where the chaiBcter of the stnicture will justify the expense, hare 
been found to offer the best Becuiity in the case in questioD. 

Whe^ the bed can be buttressed in front with an embankment, 
a low counter-wall (Fig. 20) may be built parallel to the edse of 
the bed, and some 10 or 12 feet from it ; oetween this wall and 
the bed a reversed arch conüecting the two may be built, and a 
surcharge ot earth of a coa^>act charoicter and well rammed, may 
be placed against the counter wall to act by its counter pressure 
agauut the lateral preseure up(Hi the bed. 
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When the bed cannot be buttressed in front, as in quay walls, 
a grillage and platform supported on piles (Fig. 21} may be built 
to the rcar from the back of the wall, for the ptirpose of support- 
ing the embankment against the back of the wall, and preventing 
the efiect which ita pressure on the subaoil might have in ihrust- 
ing forward the bed of ihe foundation. 

In addition to these means, land ties of iron will give great ad- 
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ditional Becniity, when a fixed poiot in re«r of the wall can be 
found to attach them finnfy. 
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394. FotmdatUms in Water. In laying foundations in water, 
two difficulties bave to be orercome, both of which require creat 
resources and care on tbe part of the engineer. The first is ^und 
in the meane to be used in preparing the bed of the foundation ; 
and the second, in aecuring the bed from the action of the water, 
to ensuie the ai^ty of the foundationa. The last is, generally, 
the more difficult problem of the two ; for a cuirent of water will 
gradually wear away, not only every irariety of loose soils, but 
also the more tender rocks, such as most varieties of sand-stone, 
and the calcareous and argiUaceous rocke, particularly when they 
are stratiüed, or aie of a loose texture. 

395. To prepare the bed of a foundation in stagnant water, 
the only dimculty that presents itself is to exclude the water from 
the area on which the stnicture is to rest. If the depth of water 
is not over 4 feet, this is done by surrounding the area with an 
ordinary water-tight dam of clay, or of some other binding earth. 
Fol this purpose, a shallow trench is formed aroimd the area, by 
lemoring the soft, or loose Stratum on the bottom ; the foundation 
of the dam is commenced by Alling this trench with the clay, and 
tbe dam is made by spreading successive layers of clay about one 
foot thick, and pressing each layer as it is spread, to render it 
more compact. When the dam is coinpleled, the water is pumped 
out from the enclosed area, and tbe bed for the foundation is pre- 
pared as on dry land. 

396. When the depth of stagnaot water is over 4 feet, and in 
running water, of any depth, the ordinary dam muet be repUced 
by the coffei-dam. This construction consists of two rows t^ 



niank, termed sheeting päes, driven into the soil vertically, form- 
log thus a coffer work, between which clay or binding eartfa, 
termed the puddling, ta Med in, to form a water-tight dam to ex- 
clude the water Crom the area enclosed. 

The ajTaiigeiiient, cotistmction, and dimensions of cofler-dams 
depend on thelr specific object, the depth of watei, and the nature 
of the eubsoil on which the coffer-dam rests. 

With regard to the ßrst point, the widlh of the dam between 
the shccting piles should be bo regulated as to serve as a acaffold- 
ing for the machinery and materials rcquired about the work. 
Tnis is peculiaily requisite where the cofTei-dam encloses an isola- 
ted Position remored from the shore. The interior space enclosed 
by the dam should have the requisite capacity for receiving the 
bed of the foundations, and such materials and machineiy as may 
be required within the dam, 

The widlh, or thjcknesa of the coffer-dam, by which is under- 
stood the distance between the sheeting piles, should be suScient 
not only to be impermeable to water, but to form, by die weight 
of the puddling, in combination with the resistance of the timber 
work, a wall of sufficient strength to resist the horizontal pressure 
of the water on ti.e exterior, when the interior space is pumped 
dry. The resistance offered by the weight of the puddhng to the 
pressure of the water can be easily calculated ; that offered by 
the timber work will depend upon the manner ia which the 
framing is airanged, and the means taken to stay, or buttress the 
dam from the enclosed Space. 

The most simple and the usual construction of a coffer-dam 
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(Fig. 22) consists in driving a row of ordinary atraight piles 
around the area to be enclosed, placing their centre Lines about 4 
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feet asunder. A second row is driven parallel to the first, the 
respective piles being the same distance apart ; the distance be« 
tween the centre lines of the two rows being so regulated as to 
leave the requisite thickness between the sheeting piles for the 
dam. The piles of each row are connected by a horizontal beam 
of Square timber, termed a string or wale piece^ placed a foot or 
two above the highest water line, and notched and bolted to each 
pile. The string pieces of the inner row of piles is placed on the 
side next to the area enclosed, and those of the outer row on the 
outside. Gross beams of Square timber connect the string pieces 
of the two rows, upon which they ar^ notched, serving both to 
prevent the rows of piles from spreading from the pressure that 
may be thrown on them, and as a joisting for the scanolding. On 
the opposite sides of the rows, interior string pieces are placed, 
about the same level with the exterior, for the purpose of serving 
both as guides and supports for the sheeting piles. The sheeting 
piles being well jointed, are driven in jurtaposition, and against 
the interior string pieces. A third course of string, or rtbbon 
pieces of smaller scantling confine, by means of large spikes, the 
sheeting piles against the interior string pieces. 

As has been stated, the thickness of the dam and the dimen- 
sions of the timber of which the coffer work is made, vrill depend 
upon the pressure due to the head of water, when the interior 
Space is pumped dry. For extraordinary depths, tlie eneineer 
would not act prudently were he to neglect to verify by calcula- 
tion the equilibrium between the pressure and resistance ; but for 
ordinary depths under 10 feet, a rule followed is to make the 
thickness of the dam 10 feet ; and for depths over 10 feet to give 
an additional thickness of one foot for every additional depth of 
three feet. This rule will give every security against filtrations 
through the body of the dam, but it might not give sufficient 
strength unless the scantling of the cofier work were suitably in- 
creased in dimensions. 

• In very deep tidal water, coffer-dams have been made in off- 
' sets, by using three rows of sheeting piles for the purpose of 

fiving greatei- thickness to the dam below the low-water leveL 
n such cases streng Square piles closely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting piles. 

Besides providing against the pressure of the head of water, 
suitable dimensions must be given to the sheeting piles, in order 
that they may sustain the pressure arising from the puddhng when 
the interior space is emptied of water. This pressure agaiiist the 
interior sheeting piles may be farther increased by that of the ex 
terior water upon the exterior sheeting piles, should the pressure 
of the latter be greater than the former. To provide more se* 
curely against the effect of these pressures, intermediate iitxbag 
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pieces may be placed against the interior row of piles before the 
sheeting piles are driven ; and the opposite sides of the dam on 
the interior may be buttressed by cross pieces reaching across the 
top string pieces, and by horizontal beams placed at intermediate 
points between the top and bottom of the dam. 

The main inconvenience met with in coffer-dams arises from 
the difficulty of preventing leakage ander the dam. In all cases 
the piles must be driven into a firm Stratum, and the sheeting 
piles should equally have a firm footing in a tenacious compact 
sub-stratmn. When an excavation is requisite on the interior, to 
uncover the subsoil on which the bed of the foundation is to be 
laid, the sheeting piles should be driven at least as deep as this 

Joint, and somewhat below it if the resistance ofiiered to the 
riving does not prevent it. 

The puddling should be formed of a mixture of tenacious clay 
and sand, as this mixture settles better than pure clay alone. 
Before placing the puddling, all the soft mud and loose soil be- 
tween the sheeting piles should be carefuUy extracted ; the pud- 
dling should be placed in and compressed in layers, care being 
taken to agitate the water as little as practicable. 

With requisite care coffer-dams may be used for foundations in 
any depth of water, provided a water-tight bottoming can be found 
for the puddling. Sandy bottoms offer the greatest difficulty in 
this respect, and when tne depth of water is over 5 feet, extraor- 
dinary precautions are requisite to prevent leakage under the 
puddüng. 

When the depth of water is over 10 feet, particularly where 
the bottom is composed of several feet of soft mud, or of loose 
soil, below which it will be necessary to excavate to obtain a firm 
Stratum for the bed of the foundation, additional precautions will 
be requisite to give sufficient support to the interior sheeting piles 
against the pressure of the puddhng, to provide against leaKage 
under the puddling, and to strengthen the dam against the pres- 
sure of the exterior water, when the interior space is pumped dry 
and excavated. The best means for these ends, when the local- 
ity will admit of their application, is to form the exterior of the 
dam, as has already been described, by using piles and sheeting 
piles, giving to the latter additional pomts of support, by interme- 
diate string pieces between the one at top and the bottom of the 
water ; and to form a streng framin^ of timber for a support to 
the interior sheeting piles, giving to it the dimensions of the area 
to be enclosed. The firame-work (Fig. 23) may be composed of 
upright Square beams, placed at suitable distances apart, depend- 
ing on the strength required, upon which Square string pieces are 
bolted at suitable distances from the top to the bottom, tne bottom 
«tring resting on the surface of the mud. The string pieces» 
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Herving aa aupports for the aheeting pilee, muet be or the sides of 
the uprigbts towaids ibe puddling, and tbeir facea in Üie aame 




TCrtical plane. Between each pair of opposite uprights, liorizon> 
tal shores may be placed at the points opposite tne position of the 
string pieces, to increase the resistance of the dam to the pressure 
of the water ; the top shores extending enttrely across the dam, 
and being notched on the top string pieces. The interior shores 
must be so arranged that they can be readily taken out as the 
masonry on the interior ig built up, repltacing them by other shores 
resting against the masonry itaeu. 

397. When the bed of a rirer presents a rocky sur&ce, or rock 
covered with but a few fcet of mud, or loose soil, cases may occur 
in which it will be more economtcal and equally safe to lay a bed 
of beton without exhausting the water from the area to be built 
on ; enclosing the area, before throwing in the beton, by a simple 
coffer work formed of a strong frame work of uprights and hori- 
zontal beams and sheeting piles. The firame work (Fig. 24) in 
this case is composed of uprighta connected by string pieces in 
pairs ; each pair is notchea am bolted to the uprights, a sufficient 
mterval being left between them for the insertion of Üie sheeting 
piles. To secure the frame work to the rock, it may be re- 
quisite to drill holes in the rock to receire the foot of each up- 
nght. The holes may be drilled by means of a long iron- bü, 
termed a.jumper, which is used for this purpose, or eise the or- 
dinary diving bell may be employed. This machine is rery ser- 
viceable in eiU similar couBtructioDS where an ezamination of w^k 
under watei ia requisite, or in cases where it ia necessary te-ky 



maBoniy under water. The frame work is put together oa lattd, 
floated to its potdtion, and settled upon the rock ; the sbeeting 
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piles are theii diiven into close contact with the sarbce ctf the 
rock. 

398. The convenience and economy resulting frora the use of 
beton for the beds of stnictures raised in water, have led General 
Treusaart to propose a. plan for layins beds of this material, and 
then to take advantage of their strengm and impermeabihty to con- 
struct a coffer-dam upon them, in order to carry on the super- 
stmcture with more care. To efiect this, the space to be occupied 
by ihe bed (Fig. 25) is firat enclosed by Square piles, driven in 
iuxtaposition and aecured at top by a string piece. The mud and 
loose soil are then scooped from the enclosed area to the firm soil 
on which the bed of beton is to be laid. The bed of beton is next 
laid with the usual pTecautions, and while it is still soft a second 
row of Square piles is driven into it, also in juztaposition, and at 
a Buitable distance from the firsi for tite thickness of the dam ; 
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these are also secured at top by a striDg piece. Croas pieces are 
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notched lipon ihe stnng pieces, to secure the tows of piles and fcmn 
a scaffoldinff. An ordinary puddling is placed in belween the rowi 
of piles, and the interior space is pumped dty. 

Should the soil under the bed ot beton be permeable, the pres- 
sure of the water on the base of the bed maybe sufficient to raise 
the bed and the dam upon it, when the water is taken from die 
interior space. A proper calculation will show whether this dan- 
ger is to be apprehended, and should it be, a provisional weight 
must be placed on the dam, or the bed of beton, before exhaust- 
ing the interior. 

399. When the depth of water is great, or when, from the 
permeability of the soU at the bottom, it is difficult to prevent 
leakage, a coffer-dam may be a less economical method of laying 
foundations than the caisson. The caisson (Fig. 26) is a stroog 
water-tight Tesael havins a bottom of solid heavy timber, and 
vertical sides so arranged that they can be readüy detached from 
the bottom. The following is the usual arrangement of the cais- 
son, it, like the coSer-dam, being subject to cnanges to suit it to 
the locality. The bottom of the caisson, serving as a platform 
for the foundation course of the masomy, is made levei and vi 
heavy timber laid in juxlaposition, the ends of the beams being 
confined by tenons and screw-bolts to longitudinal capping pieces 
of larger dimensions. The sides of the box are usually verbcal. 
The sides are formed of upright pieces of scantling covered with 
diick plank, the seaiiu being carefully calked to make the cais' 
son water-tigfat The lower ends of the upri^ts are inseited 
into dmllow mortiBes made in the c^ping. The arrangemeot 



for detaching tfae sidea, is effected in die foUowing manner. 
Suong hooks of wrougfat iron are fixed to the bottom of the 
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cftiaaon at the sidea of the cappinr piece, corres^ioDdin^ to the 
points where die uprights of the sides are inserted into this piece. 
Fieces (k strong scantling are laid across the top of the Caisson, 
resting on the opposite uprights, upon which they are nolched. 
These cross pieces project beyond the sides, and the projecting 
parte are periorated by an auger-hole, large enough to receive a 
holt of two inches in diameter. The object of these cross pieces 
is twofold ; the first is to buttress the sides of the caisson at top 
against the eiterior pressure of the water ; and the second is lo 
serre as a point of support for a long holt, or rod of iron, with an 
eye at the lawer end, into which the hook on the capping piece 
is inserted, and a sciew at top, to which a nut, or female screw 
is fitted, and which, resting on the cross pieces as a point of sup- 
port, draws the bolt tight, and, in that way, attaches the sides 
and bottom of the caisson firmly tagetiier. 

A bed is prepared to receive the Dottom of the caisson, by ler- 
elling the soil on which the structure is to rest, if it be of a suit- 
able character to receive directly the foundation ; or by driving 
lai^e piles through the upper compressible strata of the -soil to 
die limi Stratum oeneadi. The heads of the piles are sawed off 
on a level to receive die bottom of the caisson. 

To setde the caisson on ita bed, it ia floated to and moored 
over it ; and the masonry of the structure is commenced and 
carried up, until the weight grounds the caisson. The caisson 
should be so contnved, that it can be grounded, and afterwarda 
raised, in case that the bed is found not to be accurately lerelled. 
To eöect this, a small sliding gate should be placed m the aide 
üi the caisson, for the purpose of filling it with water at pleasurc,. 
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By means of this gate, th'e caisson can be filled and grounded, 
and, by closing the gate and pumping out the water, it can be set 
afloat. 

After the caisson is setded on its bed, and the masonry of the 
stracture is raised above the surface of the water, the sides are 
detached, by first unscrewing the nuts and detaching the rods, 
and then taking off the top cross pieces. By ürst filling the cais- 
son with water, this Operation of aetaching the sides can be more 
easfly performed. 

400. To adjust the piles before they are driyen, and to prevent 
them firom spreading outward by the Operation of driving, a strong 
grating of heavy timber, formea by notehing cross and longitudi- 
nal pieces on each other, and fastening them fimüy together, may 
be resorted to. This grating is arranged in a sinular manner ta 
a grillage ; only the Square compartments, between the cross and 
string pieces, are larger, so that they may enclose an area for 4 
or 9 piles ; and, instead of a Single row of cross pieces, the 
grating is made with a double row, one at top, the other at the 
bottom, embracing the string pieces on which they are notched. 

The grating may be iixed in its position at any depth under 
water, by a few provisional piles, to which it can be attached. 

401. Where tne area occupied by a structure is very consider- 
able, and the depth of water great, the methods which have thus 
far been explained cannot be used. In such cases, a firm bed 
is made for the structure, by forming an artificial island of loose 
heavy blocks of stone, which are spread over the area, and rec^iye 
a batter of from one perpendicular to one base, to one perpen- 
dicular and six base, accordin^; to the exposure of the bed to the 
effects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the structure, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
are laid upon an untried soil, the structure should not be com« 
menced before the bed appears entirely to have settled ; nor even 
then, if there be any danger of further settling taking place from 
the additional weight of the structure. Shomd any doubts arise 
on this point, the bed should be loaded with a provisional weight, 
somewnat greater than that of the contemplated structure, and 
this weight may be gradually removed, if^composed of other 
materials than tnose required lor the structure, as the work pro- 
gresSes. 

403. To give perfect security to foundations in running water, 
the soil around the bed must be protected to some extent firom 
the action of the current. The most ordinary method of effect- 
ing this, is by throwing in loose masses of broken stone of suffi» 
cient size to resist the force .of the current. This method will 
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guc all required security, where the soil is not of a shifting cha* 
racter, tike sand and gravel. To secure a eoil of dtis last nature, 
it will, in some casea, be necessary to scoop out the bottom around 
the bed to a depdi of from 3 to 6 feet, and to fill this excav^ted 
pait with beton, the surface of which may be protccted from the 
wear arieing from the action of the pebbleB cairied over it by the 
current, by covering it with broad flat üagging stones. 

404. When the bottom ie composed of soft mud to any great 
depth, it may be protected by enclosing the aiea with sheetmg 

iiiles, and tlien fiOing in the enclosed space with fragmenta of 
oose stone. If the mud is Tery solt, it would be advisable, in 
the firet place, to cover the area with a grillage, or with a layer 
of brushwood laid compactly, to senre as a oed for the loose 
stone, and thua form a more stähle and solid mass. 

CX)KSTRUCnON OP MASONRY. 

405. Under this head will be comprised whatever relates to the 
manner of deteraiining the forms and dimensions of the oiost im- 
portant elementary componenta of struclures of masonry, together 
with the practical details of their constniclion. 

406. Foundation Courses. As the object of the foundations is 
to give greater stability to the stnicture by difiusing its weight 
over a broad surface, their breadth, or spread, should be propor- 
äoned both to the weight of the stmcture and to the resistance 
offered by the subsoil. In a perfectly unyielding soil, like hard 
rock, there would be no increase of stabihty by augmenting the 
base of the stmcture beyond what would be strictly necessary to 
its stability in a lateral direction ; whereas in a very compressible 
soil, like soft mud, it would be necessary to make the base of the 
foundation very broad, so that by diffusing the weight over a great 
surface, the subsoil may offer sufficient resistance, and any un- 
equal settling be obTiated. 

407. The thickness of the foundation course will dcpend on 
the spread ; the base is msde broader than Üie top from motivea 
of economy. This diminution of the Tolume (Fig. 27) is made 



Rk. n-SaeUw 1^ SnudaUen a 



either in steps, termed offsets, or eise by giring a uniform balter 
from the base to the top. The lütter method Is now generally 
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used ; tt presents equal atability wilh the fonner with a smaller 
Tolume. 

When the foundation has to resist only a vertical pressure, an 
equal batter is given to it on each side ; but if it has to resist also 
a lateral effort, the spread ahould be greater on the side opposed 
to this effort, in order to resist its tendency, which would be to 
cause a yielding on that side. 

408. The bottom course of the foundutions is usually formed 
of the largest sized blocks, roughly dressed off with Üie hammer ; 
but if the bed is compreaaible, or the surfaces of the blocks are 
winding, it is preferable to use blocks of a small size for the bot- 
tom couise ; because these small blocks can be firmly settled, by 
means of a heavy beetle, into close contact with the bed, which 
cannot be done widi large sized blocks, particularly if their under 
surface is not peifectly plane. The next couise above the bottom 
one should be of large blocks, to bind in a Jirm manner the smaller 
blocks of ^e bottom course, and to diffuse tlie weight more uni* 
formly over them. 

409. When a foundalion for a structure rests on isolated^np- 
ports, like the pillars, ar colomns of an cdifice, an inverted or 
coimter-arch, (Fig. 28,) should coiuiect the top course of the 
foundation under the base of each isolated support, so that the 
pressure on any two adjacent ones may be distributed over the 
Ded of the foundation in the interval between them. This precau- 
tion is obviousl^ necessary only in compressible aoils. In incom- 
pressible soils it would be alone requisite to carry up the couraes 
unmediately below each support with great care, to present a 
Stahle bed for the base of the support. 



The reversed arch is also osed to ^ve greater breadth to the 
foundatioDs of a wall with counterforts, and in cases where an 
upward pressure from water, or a semi-fiuid aoil requires to be 
counteracted. In the former case the reversed arches are tumed 
under the counterforts ; in the latter they fonn the pointa of sup. 
port of the walls of the structure. 

410. The angles bf the foundations should be formed of the 
most massive blocks. The courses should be carried up uni- 
■' 18 
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fonnly throughout the foundation, to preyent unequal setüing in 
the mass. 

The stones of the top course of the foundation should be suffi- 
ciently large to allow tne course of the superstructure next above 
to rest on the exterior stones of the top course. 

411. Hydraulic mortar should be used for the foundations ; 
and the upper courses of the structure should not be commenced 
until the mortar has partially set throughout the entire founda- 
tion. 

412. Component parts of Structures of McLsanry. These may 
be divided into several classes, according to the efforts they sus- 
tain; their forms and dimensions depending on these efforts. 

Ist. Those which sustain only their owi\ weight, and are not 
liable to any cross strain upon the blocks of which they are 
formed, as the walls of enclosures. 

2d. Those which, besides their own weight, sustain a vertical 

Pressure arising from a weight bome by them, as the walls of edi- 
ces, columns, the piers of arches, &c. 

3d. Those which sustain latend pressures, and cross strains 
upon the blocks, arising from the action of earth, water, frames, 
or arches. 

4th. Those which sustain a vertical upward, or downward 
pressure, and a cross strain, as areas, lintels, &c. 

5th. Those which transfer the pressure they directly receive 
to lateral points of support, as arches. 

413. Walls qf Enclosures. Walls for these purposes may be 
built of brick, nibble, or dry stone. 

Brick walls are usually built vertically upon the two faces ; 
their thickness cannot be less than that of one brick. A wall of 
one brick and a half thick will serve for any length, provided the 
height be not over 15 or 20 feet. 

. Kubble stone walls should never receive a thickness less than 
18 inches when the two &ces are vertical. Rondelet, in his work 
FArt de Bätir^ lays down a rule that the mean thickness of both 
nibble and brick walls should be ^ of their height. 

Dry stone walls should not receive a less thickness than two 
feet. When their height exceeds 12 feet, their mean thickness 
should be \ of the height. 

Stone walls are usually built with sloping faces. The batter 
should not be greater, when the stones are cemented with mor» 
tar, than one base to six perpendicular, in order that the rain may 
run rapidly firom the surrace, and that the wall be not too mucn 
exposed to decay from the germination of seeds which may lodge 
in the joints. 

The batter is arraneed either by building the wall in offsets 
from top to bottom, or by a uniform surface. In either case, the 
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thickness of the wall at top should not be less than from 8 to 12 
inches. 

When a wall is built with an equal batter on each face, and the 
thickness at the top and the mean thickness are fixedy the hose of 
the Wally or its thicluiess at the bottom, will befound by subtract- 
triff the thickness at top from twice the mean thickness. This 
ruTe evidently makes the batter of the wall depend upon the two 
preceding diLnsion». 

The mean thickness of long walls may be advantageously 
diminished by placing counterforts, or buttresses, upon each face 
at equal distances along the line of the wall. These are spurs 
of masonry projecting some length from the wall, and are firmly 
connected with ijt by a suitable bond. The horizontal section oi 
the counterforts may be rectangular ; their height should be the 
same as that of the wall. 

In nibble wall the counterforts may be made of hammered, or 
cut stone. In addition to this means of strengthening walls, hori- 
zontal courses, or chains of dressed stone may be advantageously 
used firom distance to distance, from the bottom of the wall up- 
ward. 

414. Vertical Supports, These consist of walls, columns, or 
pillars, according to circumstances. The dimensions of the 
courses of masonry which compose the supports should be regu- 
lated by the weight bome. I^ as in the walls of edifices, the 
resultant of the efibrts sustained by the wall should not be verti- 
cal, it must not intersect the base of the wall so near the outer 
edge, that the stone forming the lowest course would be in danger 
of being crushed. 

In broad enclosed Spaces covered at top, the dimensions of the 
wall may be calculatea as in the case of ordinary endosures, and 
the dimensions thus obtained be increased in proportion to the 
weight to be bome. 

Gross walls between the exterior walls, as the partition walls 
of edifices, should be regarded as counterforts which strengthen 
the main walls. 

415. Areas, The term area is applied to a mass of masonry, 
usually of a tmiform thickness, laid over the ground enclosed by 
the foundations of walls. It seldom happens that areas have an 
upward pressure to sustain. Whenever this occurs, as in the 
case of tne bottoms of cellars in communication with a head of 
water which causes an upward pressure, the thickness and ar- 
rangement of the area should be regulated to resist this pressure. 
When the pressure is considerable, an area of uniform thickness 
may not be sufficiently streng to ensure safety ; in this case an 
inverted arch must be used. 

416. Retainingj or Sustaining Walls, These terms are ap- 



140 



MASQ^RT. 



plied to walls which stistain a lateral pressure from an embank- 
ment, or a head of water. 

417. Retaining waUs may yield by sliding either along the 
base of the foundation courses, or along one of the horizontal 

{'ointSy or hy rotation about the exterior edge of some one of the 
iorizontal joints. 

418. The detemünation of the form and dimensions of a re- 
taining wall for an embankment of earth is a problem of consider- 
able intricacy, and the mathematical Solutions which have been 
given of it have generally been confined to particular cases, for 
which approzimate results alone have been obtained ; these, how^ 
cver, present sufficient accuracy for all practical purposes within 
the limits to which the Solutions are applicable. Among the many 
Solutions of this problem, those ^ven oy M. Poncelet of the Corps 
of French Military Engineers, m a Memoir on this subject, pub- 
lished in the Mimorial de VOffider du G^ie, No. 10, present 
a degree of research and completeness which peculiarly charac- 
terize all the writings of this gentleman, and have ^ven to his 
productions a claim to the füllest confidence of practical men. 

The foUowinff formula, applicable to cases of rotation about the 
exterior edge oi the lowest norizontal Joint, are taken from the 
memoir above cited. 
Calling H, the height BC (Fig. 29) of a wall of uniform thick- 

ness, the face and back being vertical. 




Fi|c. <»— Repfeaento a nctioii O of a ntaining wall 

with the face and back verticaL 
P, sectioii of the embankment above the waU. 



A, the mean height CG of the embankment, retained by the waU, 
above the top of the wall. 

c, Üie berm Dl, or distance between the foot of the embankment 
and the outer edge of the top of the wall. 

a, the angle between the line of the natural slope BN of the earth 
of the embankment and the vertical BG. 

/= cot. a, the co-efiicient of friclion of the earth of the embank- 
ment. 
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10, the weight of a cubic foöt of the earth. 

u;', the weight of a cubic foot of the masonry of the wall. 

6, the base AB, or thickness of the wall at bottom. 

Then, _ 

6=0.74 tan. ^a V—, (A+1.126H)+0.0488A - 0.66c tan. a (^ 



H 



0.6 ~) (4 - 0.26). 



The above formula gives the value of the base of a wall with 
vertical faces, within a near degree of approximation to the true 
result, only when the values of the quantities which enter into it 
are coniined within certain limits. These limits are as foUows : 
for A, between and H ; c, between and ^H ; /, between 0.6 
and 1.4, which correspond to values of a of 70° and 35°, being 
in the one case the angle which the line of the natural slope of 
very fine dry sand assumes, and in the other of heavy clayey 
earth : and for u?, between t^;', and fu?'. Besides these limits, 
the fprmula also rests on the assumption that the excess of stabil- 
ity of the wall over that of a strict equilibrium is represented by 
0.912 ; or, in other words, that the moment of the pressure against 
the wall is taken 0.912 greater than the moment of strict equi- 
librium between it and the wall. This excess of stability given 
to the wall supposes an excess of resistance above the pressure 
against it equal to what obtains in the retaining walls of Vauban, 
for fortifications which have now stood the test of more than a 
Century with security. 

419. Having by the preceding formula calculated the value of 
b for a vertical wall, the base b' of another wall, presenting equal 
stabiUty, but having a batter on the face, the back being vertical. 




Fig. 30— RepnBents a wctioii O of a ntaioinv waU with 

a rioping face AD. 
P, aecUoa of the embankment 



which is the usual form of the cross section of retaining wallsy 
can be calculated from the foUowing notation and formula. 
Calling (Fig. 30) b' the base of the sloping wall. 
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Ad 
n = jT-^ the batter, or ratio of the base of the slope to the per- 

pendicular, or height of the wall. 
Theo, 

420. With regard to slidin^ either on the base of the founda- 
tion courses, or on the bed ofany of the horizontal joints of the 
wall, M. Poncelet shows, in the memoir cited, by a comparison 
of die results ohtained from calculations made under die suppo- 
sidons both of rotation and sliding, that no danger need be appre- 
hended from the latter, when the dimensions are calculatea to 
conform to the former, so long as the limits of h are taken between 
and 4H ; particularly if the precaution be taken to allow the 
mortar of the masonry to set nrmly before forming the embank- 
ment behind the wall. 

421. Farm of Sectian of Retaining Walls. Retaining walls 
have been built with a variety of forms of cross section. The more 
usual form of cross section is that in which the back of the wall 
is built vertically, and the face with a batter varying between one 
base to sixperpendiculary and one base to twenty-four perpeä- 
dicular. The former limit having been adopted, for the reasons 
already assigned, to secure the joints from the eflfects of weather ; 
and the latter because a wall having a face more nearly vertical, 
is liable in time to yield to the effects of the pressure, and lean 
forward. 

422. The most adyantageous form of cross section for econo- 
my of masonry is the one (Fig. 31) termed a leaning retaining 




Fig. 31— Repfeaento a nction O of a leaning retaining 
wall with a ilofnng face AD and the back BC ooun- 
terflioped. 



wall. The counter slope, or reversed batter of the back of the 
wall, should not be less dian six perpendicular to one base. In 
Ulis case strength requires that the perpendicular let fall from the 
centre of gravity of the section upon the base, should fall so far 
within the inner edge of the base, that the stone of the bottom 
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course of the foundation may present sufficient surface to beai 
the pressure upon it. 

423. Walls with a curved batter (Fig. 32) both upon the face 
and back, have been uaed in England, by eonie engineers, for 
quays. They present no peculiai advantages in strength orer 



Walls with plane faces and backa, and requu-e particuiar care in 
arranginz the bond, and fitting the stones or bricks of the face. 

424. Measures for increasing the Strength of Retaimjig 
Wallt. Theae consist in the addition of counterforls, in the use 
of reUeving archeB, and in the modes of forming the embank- 
ment. 

425. Counterforts give additional strength to a retaining wall 
in several ways. By dividing ihe whole line of the wall into 
shorter lengtha between each pair of counterforts, they prevent 
the horizontal courses of the wall from yielding to the pressure 
of the earth, and bulging outward between the extremities of the 

,walls ; by receiving the pressure of die earth on the back of the 
counterfort, insteaa of on the corresponding portion of the back of 
th« wall, its eSect in producing rotation about the exteiior foot of 
the wall is diminished ; the sides of the counterforts acting as 
abutments to the maas of earth between them may, in the case of 
Sand, or like soil, cause the portion of the wall between the coun- 
terforts to be relieved from a part of the pressure of the earth 
behind it, owing to the manner in which the particles of sand be- 
come buttressed against each other when confined laterally, and 
ofier a resistance to pressure. 

426. The horizontal section of counterforts may be either 
rectangular, or trapezoidal. When placed against the back of a 
wall, the rectangufar fomi olfers the greater atabihty in the case 
of rotation, and ia more economical in construction ; the trape- 
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zoidal form givea a broader and therefore a (inner connection be- 
tween the iräll and counterfort than the rectangular, a point of 
some consideration where, &om the character of the matenals, the 
strengtb of thia connection must mainly depend lipon the strength 
of the mortar used for the outBonry. 

427, CounterforU have been chiefly used by military engineers 
for the retaining walle of fortiücations, termea revitanents. In 
legulaüng their form and dimensions, the praclice of Vauban has 
been generaUy followed, which is to nmke the horizontal section 
of the counterfort trapezoidal, making the height of the trapezoid 
ef, (Fig. 33,) which corresponds to the length of the counterfort, 
two tenths of the height ofthe wall added to twofeet, the base of 
the trapezoid ab corresponding to the junction of the counterfort 
and back of the wall, one tenth ofthe height added to two feet, 
and the side cd which corresponaB to the back of the counterfort 
equal to two thirda of the base ab. The counterforts are placed 



Flff. 33— Eepnmili i, nctloa A, ud phn D cf a wiD, and 
■otderatiaiB, uid pluiBiifslniMtniiUloaiinUHlbrt. 



from 15 to 18 feet from ccnlre to centfe along the back trf" the 
wall, according to die strength required. 

4S8. In adding counterforts to walla, the practice has generallv 
been to regard Üiem only as giving additional stability to the wall, 
and not as a means of diminishing its volume of masonry of 
which the addition of the counterforts ought to admit. Considered 
in this last point of view, the problem for determining both the 
suitable dimensions of the counterforts and the thickness of the 
corresponding wall, is one of very considerable mathemntical 
difficuUy, whose Solution must repose upon assumptions made as 
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to the manner in which the portions of the wall between the 
counterforts would be likely to yield to the pressure upon them, 
the Support which they receive from the two counterforts at their 
extremities, and the stability which die counterforts add to the 
entire System in preventing rotation. 

429. Relieving Arches are so termed from their preventing a 
portion of the embankment from resting against the back of the 
wall, and Üius relieving it from a part of the pressure. They 
consist (Fig. 34) of one or more tiers of brick arches built upon 
counterforts, which act as the piers of the arches. 

M N 




__^__ Fig. 34— Repraaenta a section M and an ele- 

vation N of a wall and relieving arches in 
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arches through their 
counterforts 
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In arranging a combination of relieving arches and their piers, 
the latter, uke oidinary counterforts, are placed about 18 feet 
apart between their centre lines ; their length should be so regu- 
lated that the earth behind them resting on the arches, and faUing 
under them with the natural slope, shall not reach the wall be- 
tween the arch and the foot of the back of the wall below the arch. 
The thickness of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the decreased pres- 
sure against it caused by the action of the arches, and the point 
at which this pressure acts. 

430. Whenever it becomes necessary to form the embankment 
before the mortar of the retaining wall nas had time to set firmly, 
various expedients may be employed to reheve the wall from the 
pressure which the embankment, if foimed of loose earth, would 
throw upon it. The portion of the embankment next to the wall 
may be of a compact binding earth placed in layers inclining 
downward from the back of the wall, and well rammed ; or of a 
stiflf mortar made either of clay, or sand, with about ■j\üi in bulk 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry stone, or fascines may be laid in to a 
suitable depth back from the wall for the same purpose. The 

f)recaution, however, of allowing the mortar to set firmly before 
brming the embankment, should never be omitted except in casea 
of extreme urgency, and then the bond of the masonry should be 

19 
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aitanged witfa peculiar caie, to prevent disjunction along any of 
Uie horizontal joints. 

4dl . Walls built to sustain a pressure of water should be regu- 
lated in form and dimensions like the retaininff walls of embank- 
ments. The problem in this case is one of less difficulty than 
in the other» firom the greater simplicity of the mathematical 
fonnula for the pressure of water. The buoyant eflfort of the 
water must be ta&en into account in this calculation, whenever the 
masoniy is so placed as to be partially immersed in the water. 

432. Heavy walls, and even those of ordinary dimensions, 
when exposed to moisture, should be laid in hydraulic moitar. 
Grout has been tried in laying heavy nibble walls, but with de- 
dded want of success, the successive drenchings of the stone 
causing the sand to separate firom the lime, leaTing when diy a 
weak porous moitar. When the stone is laid in füll mortar, groat 
may be used with advantage over each course, to fill any Toids 
left in the mass. 

433. Beton has fine(^uently been used as a filling between the 
back and fiidng of water-tight waUs ; it presents no advantage 
over walls of cut, or nibble stone laid in hydraulic mortar, süod 
causes unequal settling in the parts, unless great care is taken in 
the constnicti<m 

434. When a weight, aiising from a mass ofmascHiryor earth, 
rests upcm two or more isolaied supports, that poition of it wfaich 
is distributed over the space, or bearing between any two of the 
Supports, may be bonie by a block of stone, termed a Iwtelj laid 
hcmxontally upon the supports, by a combination of blocks termed 
dL plateJMtndey so arranged as to resist, witfaout disjuncti<m, the 
piessure upcm them ; or by an aich. 

435. Lintd. Owing to the slight resistance of stone to a cross 
stiain, and to shocks, lintels of arthnaiy dimensions camiot be 
used alone with safety, for bearings orer siz feet. For wider 
beanngs, a slight hrick arch is thrown across the beaiing aboye 
the lintel, and thus relieyes it firom the pressure of the parts 
aboTe. 

436. Plaie-bamde. The plate-bande is a coml»nati<Hi of blocks 
cut in the form ol tnmcated wedges. From the form of the 
Uocks, the pressure thrown upon them causes a lateral pressure 
which must be sustained eith^ by the suppoits, or by some ocher 
airangement, (Fig. 35.) 

The plate-bande should be used ooly for narrow bearings, as 
the Upper edges of the blocks at the acute angles are liaUe to 
ndinter firom the pressure. If the bearing exceeds 10 feet, the 
juate-bande should be relieved finom the pressure by a brick arch 
aboye it. Additional means of strengthening the plale4»ande are 
aometimes used by fonning a broken Joint beiwecn the blocks, oor 
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by a prqjection made oa the face of one block to fit into a cor- 
respondiiiK indent in the adjacent one, or by connecting the block* 
wiuiiron oolts. 

3 l'iE' SV-RejveeeotB a ctoib 
■ectioa <» ■ plate-bande, 
riiowing Ihe nuumer in 
whioh uumMnin A, A 
aod B aio <nt ttod etat- 
Dscted bfinatalcnmra. 
b.titat wro u g h t iroii nr 
Ihe idale-bande fasteuad 
to ths bolta ed, kt tnto 
tbe fita of the plale- 

When, &oin any cause, the supports cannot be made suffi- 
cientlf strono; to lesist the lateral pressure of the plale-bande, the 
extreme blocks must be united by an iron bar, termed a tie, Suit- 
ably arranged to kecp the blocks &qm yielding. 

437. Arckes. The arch is a combination of wedge-shaped 
blocks, termed arch stones, or voussoirs, tiuncated towaids the 
angle of the wedges by a curved surface which is usually nonna) 
to the surfaces of the joints between the blocks. This inferior 
surface of the arch is termed tbe intrados, oi soffit. Tbe upper, 
or outer surface <^ the aich is termed the extrados, or hack, 
(Fig. 36.) 
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^. 30— BeRsBBUtB an eleration H <rf tbe heul of b luhl cylindrical «reb, 
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the aoffit and the face C of the abatmeDl. 



et, apan o! the arch. 



438.*The extreme blocks of the arch rest agajnst lateral Sup- 
ports, termed dbutments, which sustain both the vertica! pressure 
arising from the weight of the arch stones, and the weight of 
whatever hes upon them ; cJeo the lateral pressure caused by the 
action of the arch. 

439. In a ränge, or series of arches placed side by side, tbe 
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ectreme suf^rts are tenned the abutmenUi, the inteimediate Sup- 
ports whicn sustain the intennediate aiches and the halves of the 
two extreme ones are termed piers. When the size of the arches 
is the same, and their springing lines are in the same horizontal 
plane, the piers receiye no other pressure but that arising from 
the weight of the arches. 

440. Arches are classified, from the form of the soffit, into 
cylindricalf ccnical^ canoidaly warpedf annular, groined^ clois" 
tered^ and domes. They are also tenned righty Mique, or ashew^ 
and rampant, from their direction with respect to a vertical, or 
horizontal plane. 

441. Cylindrical Arch. This is the most usual and the sim- 
I^est form of arch. The soffit consists of a porticHi of a cylindri- 
cal surface. When the section of the cylinder peipendicular to 
the axis of the arch, tenned a right section, cuts from the surface 
a semi-circlcy the axch is termed a füll centre arch ; when the 
section is an ara less than a semi-circle, it is termed a segment 
arch; when the section gives a semi-ellipse, it is termed an 
eUipUcal arch; when the section gives a cunre resembling a 
semi-eQipse, formed of arcs of circles tangent to each other, the 
axx^h is termed an ovoZ, (Fig. 37,) or boiket handle^ and is called 
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a curve of three, five, &c. centres, according to the number of 
arcs, which must be odd to obtain a curve symmetrical with 
respect to the vertical line bisecting it ; when the section is that 
of two arcs of circles intersectine at the middle point of the curve, 
it is termed a pointed, or an obtuse or surbased arch, (Figs. 38 
and 39,) according as the angle between the arcs at their inter- 
section is acute, or obtuse. 

A cylindrical arch is denominated a right arch when it is ter- 
minatä by two planes, termed the heads of the arch, perpendicu- 
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lar to the axis of the arch ; oblique, or askew^ when the faeads 
are oblique to the axis ; and rampant when the axis of the ardi 
18 oblique to the horizontal plane. 




Fig. 38— Reprasenli the half of a pouited ennie 

offourcentns. 
oi, half fpan. 
he,inm, 
m and n, ooitvw of Ifaehalf cnrv» 00. 




Flg. 39— Repraente the half of an obtim 

Doaed cunre of four oentne. 
a^,halfqniL 

m'and m, oentrae ef tfae half enr?« ee. 



442. The chord of the curve of right section (see Fifi;. 36) is 
tenned the sp^n of the arch, its versed sine the rise of me arch. 
When the heads of the arch are oblique to the axis, the chord of 
the oblique section made by the plane of the heads is termed the 
spart of the askew section. The lines of the soffit corresponding 
to the extremities of the span are tenned the springing tine^ of 
the arch ; the top portion, or line of the somt, is tenned the 
crown-, The top stone of the crown the key stane. The line 
diawn through the middle point of the span at the extremities of 
the arch, is termed the cuxns of the arch. 

443. The form of right section will depend upon the puiposes 
which the arch is to serve, the locality, and the style of architee- 
tuire employed. When the rise is less than hall the span, the 
arch is weaker than in either the füll centre, or where the rise is 
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• greater than half the span. The methods of describing the Yarious 
. curves of light section will be explained in the Appendix. 

444. The same general principle is followed in arranging the 
joints and bond of the masonry of arches, as in other structures 
of cut stone. The surfaces oi the joints should be normal to the 
surface of the soffit, and the surfaces of any two Systems ofjoints 
should be normal to each other at their lines of intersection. These 
conditions, with respect to the joints, will be satisfied by tracing 
upon the soffit its lines of least ind greatest curvature, and taking 
the edges of one series of joints to correspond with one of these 

'Systems of lines, and the edges of the other series with the other 
System, the surfaces of the joints being formed by the surfaces 
normal to the soffit along the respective lines in auestion. When- 
ever the surface of the soffit belongs to any ol the families of 
geometrical surfaces, the joints will be thus either plane, er de- 
Telopable surfaces. In me cylindrical arch, for ezample, the 
edges of one series of joints will correspond to the Clements of 
the cylindrical surface, while those of the other will correspond 
to the cunres of right section, the former answering to the line 
of least, and the latter of greatest cuirature. The surfaces of 
the joints will all be plane surfaces, and, being normal to the 
soffit along the lines m question, will be normal also to each 
other. 

445. In füll centre and segment arches, the Toussoirs are 
ttsually inade of the same breadth, estimated along the curve of 
right section. The planes of the joints of each course of vous 
soirs between the heads of the arch are made continuous, (see 
l^g* 36)) ®^1^ of these courses beinff termed a string course, and 
their joints coursing joints. The planes of the joints along the 
curyes of right section are not continuous, but break joints ; the 
stones which correspond to two consecutive series of these joints 
being termed a ring course^ and its joints heading joints. JBy 
this combination of the ring and string courses, the ntting of the 
blocks, the settling of the courses, aml the bond are airanged in 
the best manner. 

446. In the other forms of right section of cylindrical arches, 
it m^y not, in many cases, be practicable to give the voussoirs 
the same breadth, owing to the variable cunrature of the right sec- 
tion ; but the same arrangement is followed for the ring and string 
courses. 

447. In oblique cylindrical arches, when the obliquity is but 
slight, no change will be required in the arrangement of the 
courses and joints ; but when the angle between the heads and 
the axis is considerably less than a right angle, the ring courses 
at the extremities of the urch would luiYe what is termed a/abe 
bearingy that is, the pressure upon their coursing joints would 



C0K8TRÜCTI0K OP HASONRT. 



not be transmitted in the direction of the pressure to tbe fixed 
lateral supports, and therefore these portions of the arch would 
be insecure. To obviate these defects, as well as the unequal 
beoring upon the lateral supporU in such case, arrangemenU of 
the coursing alid heading joinis have been devised, By which a 
better band is obtained, and the total pressure &om the voussoirs 
thrown upon the abutinents. 

' One method for this puipose has been mostly used in England, 
and consista in placing tbe edges of the heading and coursing 
joints along Bpiral lines of the cylindrical soffit which interse<^ 
each other at right angtes. The directing spirals for the heading 
joints (Fig. 40) being taken parallel to the one which is drawn con- 
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necting the extreme points of the askew curre of the head ; those 
for the couTsing being traced perpendicular to the fonner. The 
joints being normal to the somt along the spirals, will be helicoi- 
dal surfaces. This method palliates only to some extent the 
weaknees of the bond in the courses near the heads, and giving 
a considerable dip to the coursing joints at the eztremides of the 
abutments which make an acute angle with iheir faces, it presenta 
faeie also a weak point. It possesses an important advantage, 
faowever, in permitting the somt ends of the atring courses tohe 
of eoual breadth throughout, and therefore allows the method to 
be aaapted as well to brick as cut stone. To bring the coursing 
joints to correspond exacüy with the divisions of the ring courses 
of the heads, it may be necessary, in some cases, to ahift the 
spirals of the coursing joints slightly, in making the dniwingg for 
the arch. The end blocks of the string courses which rest upon 
die abutment, or eise th« top course of the abutment, muat be 
suitably cut to correspond to the direction of the heading joints 
and that of the horizontal courses of the abutment. 

448. A second method, in use among the French engineers, 
consista in making the heading joints plane surfaces and parallel 
to the heads of the arch, and in t^ing for the edges of the coursing 
joidts (Fig. 41 ) the trajectories traced on the soffit perpendicular 
to the edges of the heading joints. Tbe surfaces of the coursing 






ioints are made Doimal to the soffit. By this plan some of the 
defects of the former are lemedied, but it has the disadvantage 
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of giving an unequal breadth to the soffit ends of the voussoira, 
and therefore is inapplicable to brick arches. The curves of the 
trajectories and the coursing joints are of more difficult construc- 
tion than in the firet method. 

449. Cylindrical, groined, and cloistered arches are fonned by 
die intereections of two or more cyh'ndrical arches. The span 
of the arches may be different, but the rise is the same in each. 
The axes of the cylindera will be in the same plane, and they may 
iatereect under any angle. 

The groined atch (Fig. 42) is fonned by lemoving those por- 
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tions of each cyltnder which lie under the other and betweeo 
their common curres of intersection ; thus fonning a projectiiiigi 
or salient edge on the soffit along these curves. 

The cloistered arch (Fig. 43) is fonned by removing those por- 
tions of each cyhnder which are above the other and exteri<v to 
theii common intersection, fonning thus re-entering angles along 
the same lines. 

460. The planes of the joints in both of these arches are placed 
in the same manner as in uie simple cylindrical arch. The inner 
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edges of the correBponding course of vousaoirs in each aich are 
placed in the same plane parallel to that of the azes of the cylin- 
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den. The portions of Üie aoffit in eacfa cylinder, coiresponding 
to each course of Tousaoirs, which fonn either the groin in' the 
one case, or the re-eatering angle in the other, are cut frMn a 
sinfi^e Btone, to present no Joint along the common intersection of 
the arches, and to give them a firmer bond. 

451. Conical arches are of rare application. When used, the 
■ame general principles with respect to the jointa and bond apply 
to them. The suriaces of one set of jointa will be planespassed 
through the elements of the cone and normal to the soffit ; the 
other will be cooical, or olher surfaces, hkewise noimal to the 
soffit and passing through the curves of least curratuie. 

452. When the spsns at tfae two enda of an arch are unequal, 
but the rise is the same, Üien the soffit of the arch is made of a 
conoidal surface. The curres of right section at the two ends 
niay be of any ögure, but aie usually taken from some variety 
of Uie eltiptical, or oval cuires. The soffit is formed by moving 
a line upon the two curres, and parallel to the plane containing 
their spans. 

The conoidal arch belongs to the class with warped soffits. A 
Tariety of warped siufaces may be used for soffits according to 
circumstances ; the joints and the bond depending on the gener- 
stion of the surface. 

453. In arranging the joints in conoidal arches, the heading 
joints are contained in p^es perpendicylar to the azia of the 
arch. The coursing joints are also formed of plane surfaces, so 
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airanged that the porlion of the Joint corresponding to each block 
is formed by a plsme nonnal to the conoid at the middle point of 
the lower edge of the block. In this way the joints of the string 
couTse will not be fonned of continuous sunaces. To make 
them 80, it would be necessary to give them the form of warped 
surfaces, which present more difficulty in their mechanical exe- 
cution, and not sufficient advantages oyer the method just ex- 
plained to compensate for having them continuous. 

454. The annulax arch is formed by revolving the plane of a 
semi-circle, or semi-oval, or other curve, about a line dxawn with- 
out the figure and parallel to the rise of the arch, (Fig. 44.) One 
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series of joints in this arch will be formed by conical surfaces 
passing through the inner edges of the stones which correspond 
to the string courses ; and the other series will be planes passed 
through the axis about which the semi-circle is revolved. This 
last series should break joints with each other. 

455. The soffit of a dome is usually formed by revolving the 

auadrant of one of the usual cunres of cylindricäl arches around 
le rise of the curve ; or eise by revolving the semi-curve about 
the line of the span, and taking the half of the surface thus gen« 
erated for the somt of the dome. In the first of these cases the 
horizontal section of thp dome at the springing line will be a cir- 
cle ; in the second the entire curve of the semi-curve by which 
the soffit is ffenerated^ The plan of domes may also be of regu- 
lär polygonsu figures ; in whicn case the soffit will be a polygonal- 
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cloistered areh fonned of equal sectiona of cylinder», (Fig. 45.) 
The joints and the bond are deteimined in toe stime nuumer m 
in other arches. 
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456. The voussoirs which fonn the nng course of the heads, 
in oidinary cyhndrical arches, are usually tcrminated by plane 
surfaces at tQp and on the sides, for the purpose of connectins 
Üiem with the norizontal courses of the head which lie above ma 
on each side of the arch, (Figs. 46 and 47.) This connectioa 
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may be ananged in a Tariety of ways. The two pointa to be 
kept in view are, to form a good bona between the voussoirs and 
horizontal courses, and to give a pleasing architectural effect by 
the arrangement. This connection shoiild always give a sym- 
metrical appearance to the halves of the etructure on each side 
of the crown. To effect these several objects it may be neces- 
sary, in cases of oval arches, to make the breadth of the voussoirs 
unequal, diminishinff usually those near the springing lines. 

457. In small arches the voussoirs near the springing line are 
so cut as to forai a part also of die horizontal course, {see Fig. 
46,) fomiing what is termed an elbow Joint, This plan is objoc- 
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tionable, both because ihere is a waste of material in forming 
& Joint of this kind, and the. stone is liable to crack when the 
arch seltles. 

'. 458. The fonns and dimensions of the voussoirs should be de- 
(enniiied both by geometrical drawings and numerical calcula- 
tion, whenever the arch is important, or presents any complication 
of form. The drawings should, in the first place, be made to a 
Scale sufficiently large to determine the parts with accuracy, and 
from these, pattem drawings giving the parts in their true size 
may be made for the use of the mason. To make the pattem 
drawings, the side of a vertical wall, or a firm horizontal area 
may be prepared, with a thin coatins of mortar, to receive a thin 
smooth coat of plaster of Paris. The drawing may be made on 
this surface in the usual manner, by describing the curve either 
by poinOs firom its calculated abscissas and ordinates, or, where 
it is formed of circular arcs, by using the ordinary instrument for 
describing such arcs when the centres &11 within the limits of the 
prepared surface. In ovals the positions of the extreme radii 
should be accurately drawn either firom calculation, or construc- 
tion« To construct the intermediate normals, whenever the cen- 
tres of the arcs do not fall on the surface, an arc with a chord of 
about one foot, may be set off on each side of the point through 
which the normal is to be drawn, and the chord of uie whole arc, 
thus set off, be bisected by a perpendicular. This construction 
will genersdly g ive a sumciently accurate practical result for 
elliptical and other curves of a large size. 

459. The masonry of arches may be either of dressed stone, 
nibble, or brick. 

In wide spans, particularly for oval and other flat arches, cut 
stone shoula alone be used. The joints should be dressed with 
extreme accuracy. As the voussoirs have to be supported by a 
framing of timber, termed a centrey until the aich is completed, 
and as this structure is Uable to yield, both firom the elasticity of 
the materials and the number of joints in the frame, an allowance 
for the settling in the arch, arising fix)m these causes, is some- 
times made, in cutting the joints of the voussoirs falscy that is, 
not according to the true position of the normal, but fix>m the 
supposed position the joints will take when the arch has settled 
thoroughly. The object of this is to bring the surfaces of the 
joints into perfect contact when the arch has assumed its perma- 
nent State of equilibrium, and thus prevent the voussoirs firom 
breaking by unequal pressures on their coursing joints. This 
is a problem of considerable difficulty, and it will generally be 
better to cut the joints true, and guard again^t settling and its 
effects by giving great stiffness to the centres, and by placing be- 
tween the joints of those voussoirs, where the principal movement 



COlfSTBÜCTION or HABONRT. 167 

takes place in arches, sheets of letd suitably hammered to fit tbe 
Joint andyield to any pressure. 

460. The manner of laying the voussoirs demanda peculiat 
care, particularly in those whicb form tfae heads of the arch. 
The poaitions of the inner edges of the rooBsoirs are determined 
by fixed lines, marked on the abutments, or some other imraorea- 
ble object, and the calculated distances of the edgea &om these 
lineB. These distances can be readily set off by means of the 
level and plumb-line. The angle of each Joint can be fixed by a 
quadrant of a circle, connected with a plumb-line, on which the 
Position of each Joint is marked. 

461. Rubble stone is used only for very small arches which 
do not sustain much weight, or as a fitling between a network of 
ring and sthng courses in large arches which sustain only their 
own weight. Iii each case the blocks of rubble sbould be roughly 
dressed with the hammer, and be laid in good hydraulic mortar. 

46S. Brick may be used alone, or in comblnation with cut 
stone, for arches of considerabte size. When the thickness of a 
brick arch exceeda a brick and a half, the bond from the soffit 
oUtVard presents some difficulties. If the bricka are laid in con- 
centric layera, or shells, a continuous Joint will be fonned parallel 
to the Bimace of the soffit, which will probably yield when the 
arch eettles, causing the shells to separate, (Fig. 48.) If tbe 
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bricka are laid like ordinary string courses, forming continuous 

S'oinU firom tbe soffit outward, these joints, from the form of the 
ricks, will be very open at the back, and, from the yielding of 
the mortar, the arch will be liable to injury in settling fix>m this 
cause. To obyiate both of these defects, the aich may be built 
paitly by the firat plan and partly by the second, or as it is termed, 
m Shells and blocks. The crown, or key of the arch should be 
laid in a block, increasing the breadth of the block by two bricka 
for each course from the soffit outward. These bricks should be 
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laid in hydraulic cement, and be well wedged with pieces of ihin 
hard slate between the jointa. 

463. When a combination of brick and cut atone ig used, the 
ring CDureeg of the heads, with some intermediate ring couraes, 
the bottom string courses, the key-stone course, and a. few inter- 
mediate atring couraes, are made of cut atone, (Fig. 49,) the 
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intermediate spacea beins filled in with brick. The brick f>or< 
tions of the soffit majr, if necessary, be thrown within die stone 
portions, forming piain caissona. 

464. The centrea of amall archea are not lemoved, or Struck 
until the mortar has become hard ; in large arches, the centres 
should not be atruck until the whole of the mortar haa aet firmly. 
In the jointa near the springing linea the mortar will have become 
hard, in Uie ordinary progresa of building an arch, before that in 
the higher joints will tiave had time to aet, unleaa hydraulic mor- 
tar of a quick aet be used. After the centrea are atruck, the arch 
ia allowed to asaume its permanent State of equiUbrium, before 
any of the auperstnititure is laid. 

465. When the heads of the arch form a part of an exterior 
aurface, as the faces of a wall, or the outer portions of a bridse, 
the vouEsoirs of the head ring courses are connected with tne 
horizontal couraea, aa has been esplained ; the top surface of the 
Tousaoirs of the intermediate ring courses are uaually left in a 
roughly dreased state to receive the courses of masonry termed 
the capping, {aee Fig. 49,) which resta upon the arch between 
the Walls of the head. Before laying the capping, the ioints of 
the Tousaoirs'on the back of the arch should be carefully ex^ni- 
ined, and, whererer they are found to be open from the settling 
of the arch, they ahoula be filled up with aoA^tempered mortar, 
and by drivine in pieces of hard alate. The capping may be va- 
riously formed of nibble, brick, or beton. Where the arches are 
exposed to the filtration of rain water, aa in those uaed for bridgea, 
and the caaemates of fortifications, the capping should be of beton 
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laid in layers, and well rammed with the usual precautions for 
obtaininff a solid homogeneous mass. 

466. The difficulty o£ forming water-tight cappings of mason- 
ry has led engineers, within a few years back, to try a coating of 
asphalte upon the surface of beton. The surface of the beton 
capping is made uniform and smooth by the trowel, or float, and 
the mass is allowed to become thoroughly dry before the asphalte 
is laid. Asphalte is usuälly laid on in two layers. Before apply- 
ing the first, the surface of the beton should be thoroughly 
cleansed of dust, and receive a coating of mineral tar appUed hot 
with a swab. This application of hot mineral tar is said to pre- 
vent the formation of air bubbles in the layers of asphalte wmch, 
when present, permit the water to percolate through the masonry. 
The first layer of asphalte is laid on in Squares, or thin blocks, 
care being taken to form a perfect union between the edges of 
the Squares by pouring the hot liquid along them in forming each 
new one. The surface of the first layer is made uniform, and 
rubbed until it becomes smooth and hard. with an ordinary wooden 
float. In laying the second layer, the same precautions are taken 
as for the first, the Squares breaking joints with those of the first. 
Fine sand is strewed over the surface of the top layer, and pressed 
into the asphalte before it becomes hard. 

Coverings of asphalte have been used both in Europe and in 
our military structures for some years back with decided success. 
There have been failures, in some instances, arising in all prob- 
abiUty either firom using a bad material, or from some fault of 
workmanship. 

467. In a ränge of arches, Uke those of bridges, or casemates, 
the capping of each arch is shaped with two incUned surfaces, 
like a common roof. The bottom of these surfaces, by tlieir 
junction, form gutters where the water coUects, and from which 
it is conveyed off in conduits, formed either of iron pipes, or of 
vertical openings made through the masonry of the piers which 
communicate with horizontal covered drains. A small arch of 
sufficient width to admit a man to examine its interior, or a Square 
cidvert, is formed over the gutter. When the Spaces between the 
head walls above the capping is fiUed in with earth, a series of 
drains running from the top, or ridge of the capping, and leading 
into the main gutter drain, should be formed of brick. They 
may be best made by using dry brick laid flat, and with intenrals 
left for the drains, these being covered by other courses of dry 
brick with the joints in some degree open, The earth is filled in 
upon the upper course of bricks, which should be so laid as to 
form a uniform surface. 

468. When the space above the capping is not filled in with a 
BoUd mass, for the purpose of receiving the weight borne by the 



archeB, walls of a requiBite height may be built parallel to the 
head walls, and these may seire eilher as the piers of smaU 
arches, (Fig. 50,) upon which the weight bome directly rests, or 
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ing arched openingH through them, or eise a System of small righi 
cylindncBl groinedarches raay be iiaed. All of lliese methods are 
in use in bridge building for Hustaining the roadway, and also in 
roofing arched edifices. They throwless weight upon the abtit- 
ments and piers of the arches than nould a mling of solid ma- 
terial. 

469. From obserrations taken oii the manner in which large 
cylindrical arches settle, and eiperiments made on a small scale, 
it appears that in all cases of arches where the rise is equal to 
or less than the half span they yield {Fig. 5S) by the crown of 
the^aich Alling inward, and thrusling outward Üie lower portions, 
presenting five joints of niptuie, one at the key stone, one on each 
aide of it whicn limit the portions that fall inwaid, and one on 
each side near the springuig linea which limit the parts thrust 
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outward. In pbinted aiches, or tfaose in whioh üie rise is greater 
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than the half Span» the tendency to yielding is, in some cases, 
diflerent ; here the lower parts may fall inward» (Fig. 53,) and 
thrust upward and outward the parts near the crown. 
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470. From this movement in arches a pTessure arises agamflt 
the key stone, t^rmed the horizontal thrust of &e areh, the len^ 
dency of which is to crash the stone at the key, «nd to oveitom 
the abutments of the arch, causing them to rotate about the ex- 
terior edge of some one of their horizontal joints. 

471. The joints of rupture below the key stone vary in arches 
of different fonns, and in the same arch with the weight it sus- 
tains. From ezperiments, it appears that in fall centre arches 
the joints in question make an ande of about 27° with the hori- 
zon; in segment arches of arcs less than 120° they are at the 
springing lines ; and in oval arches of three centres they are found 
anout the angle of 45° of Üie small are which forms the extremity 
of the curve at the springing line. 

472. The calculation of the joints of rupture, the consequent 
horizontal thrust, and its effects in crushing the stone at the key 
and in overtuming the abutment are problems of considerable 
mathematical intricacy. When the jomts of rupture aie given 
tfae problem assumes a more simple form, being one of statical 
equuibrium between the moments of the horizontal thrust and 
die weight of the arch and its abutments. 

The problem for finding the joints of rupture by calculaäpn, 
and the consequent thickness of the abutments necessary to pre- 
•erve the arch from yielding, has been solved by a number of 
writers on the theory of the equiUbrium of arches, and tables for 
efiecting the necessary numerical calculations have been drawn 
up from their results to abridge the labor in each case. 

473. The connection between the top of the abutment, termed 
tbe tmpost of the arch, and the bottom courses of the arch, re> 
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Jnires joeculiar care in Begmental, askew, and rampant arches. 
n the first, the Ihrust of the arch beins very great, it will be well, 
in heavy arches, to make the jointa oi the interior courses of the 
abutment, for sotae couraes at least below the impost, oblique to 
the horizon lo counteract any dan^ei from shding. The top atone 
of tbe abutment, tenned the cushtim stone of the arch, should be 
well bonded with the atonea of the backing, and its bed, or bot- 
tom Joint ahould be so far below the impost Joint, that the stone 
Bhall offer sufficient atrength lo resist the presBure on it. 

In the aakew arch the abutments are not unifonnly loaded, and 
the entire thrust of the arch will not be leceived by the abutments 
if the arch is constmcted in the usual manner. Each of theao 
points requirea peculiar attention : the firat demanding the thick- 
nesa of the abutment to be auitably regulated ; the second that 
the arch be so built that the thrust may be thrown, as nearly as 

tiracticable, parallel to the planes of the heads. To effect this 
ut point, the portion of the arch above the upper joints of rup- 
ture (Fig. 54) muat be dividcd into several zones, each of these 
zones bong built without any connecdos with the two adjacent 
to it, but with their enda ao arranged that this connection may be 
fonned, and the arch made continuous after the centres are Struck 
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By this plan Üie aettling will take pbce after uncentring without 
causing cracka, and the thrust will be thrown on the abutmenta 
in the diiection deaired. 

In rampant arches, the impost Joint being oblique to the hori- 
zon, care must be taken, if this obUquity be not lesa Ihan the 
angle of friction of the stone used, eimer to cut the impost into 
ateps, or eise to uae somc suitable bond, or iron crampa and bolta 
to prevent disjunction between the arch and abutment. 

474. The abutments of right and of alightly obhque cylindn- 
cal arches are made of uniform dimensiona ; but when the ob- 
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liquity is considerable, it may be necessary to increase the thick- 
ness of a portion of each abutment where there is the greatest 
pressure. 

In conical and conoidal arches the abutments will in like man- 
ner Vary in dimensions with the span. 

475. In clpistered arches the abutments will be less than in an 
ordinary cylindrical arch of the same length; and in groined 
arches, in calculating the resistance offered by the abutments, 
the counter resistance offered by the weight of one portion in 
resisting the thrust of the other, must be taken into consideration. 

476. When abutments, as in the case of edifices, require to be ' 
of considerable height, and therefore would demand extraordinary 
thickness, if used sufone to sustain the thrust of the arch, they may 
be strengthened by the addition to their weight made in cariying 
them up aböve the imposts like the battlements and pinnacles in 
Gothic architecture ; oy adding to them ordinary, fml, or arched 
buttresses, termed^ytn^ buttresses ; or by using ties of iron con- 
necting the voussoirs near the joints of rupture below the key 
stone. The employment of these different expedients, their forms 
and dimensions, will depend on the character of the structure 
and the kind of arch. The iron tie, for example, cannot be hid- 
den from view except in the plate-bande, or in very flat segment 
arches, and wherever its appearance would be unsightly some 
other expedient must be tried. 

Circular rings of iron have been used to strengthen the abut- 
ments of domes, by confining the lower courses of the dome and 
relieving the abutment firom the thrust. 

477. When abutments sustain several arches above each other, 
Uke relieving arches in tiers, their dimensions must be calculated 
to sustain the united thrusts of the arches ; and the several por- 
tions between each tier must be streng enough to resist the thrust 
of their corresponding arches. 

478. In a ränge of arches of unequal size, the piers will have 
to sustain a lateral pressure occasioned by the unequal horizontal 
thrust of the arches. In arranging the form and dimensions of 
the piers this inequality of thrust must be estimated for, taking 
also into consideration the position of the imposts of the unequal 
arches. 

479. Precautions against Settling. One of the most difficult 
and important problems in the construction of masonry, is that 
of preventing unequal settUng in parts which require to be con- 
nected but sustain unequal weights, and the consequent ruptures 
in the masses arising from this cause. To obviate this difficulty 
requires on the part of the engineer no small degree* of practical 
tact. Several precautions must be taken to diminißh as far as 
practicable the danger from unequal settling. Walls sustaining 



IM MA80NEY. 

hfiKTj yertical pressure» should be built up unifonuly, and 
gireat attention to the bond and correct fitting of the courses. The 
materials should be unifonn in quality and size ; hydraulic aior- 
tar shoold alone be used ; and tne peimanent weignt not be kid 
on the wall until the season after the masonry is lau As a &f- 
ther precaution, when practicable, a tiial weight may be laid upon 
the wall before loadinf it with the permanent one. 

Where the heads of arches are built into a wall» particularly 
if they are designed to bear a heavy permanent weight, as an 
embankment of earth, the wall should not be camried up higher 
than the imposts of the arches until the settling of the latter has 
raached its final term ; and as there will be danger of disjunction 
between the piers of the arches and the wall at the head, from 
the same cause, these should be canied up independently, but so 
ezranffed that their after-union may be conveniently effected. It 
would moreoTer be always well to suspend the buildin^ of the 
arches until the season following that in which the piers are 
finished, and not to place the permanent weij^t npon the arches 
until the season following their comidetion. 

480. Painting. The mortar in the joints near the suifaces of 
Walls exposed to the weather should be of the best hydraulic 
Urne, or cement, and as this part of the Joint always requires to 
be carefully attended to, it is usually filled, or as it is tenned 
paintedy some time after the other work is finished.' The period 
at which pointing should be done is a disputed subject among 
builders, some preferring to point while the mortar in the Joint is 
still firesh, or greeriy and others not until it has bec<«ie hard. 
The latter is me more usual and better plan« The mortar fbr 
pointing should be poor, that is, haye rather an excess of sand ; 
the sand should be of a fine uniform grain, and but Uttle water 
he used in tempering the mortar. Befwe applyinff the pointing, 
the Joint should be well cleansed by scraping and brushing out 
the loose matter, and then be weU mdstened. The mortar is 
applied with a suitable tool for pressing it into the Joint, and its 
surface is rubbed smooth with an iron tool. The practice among 
öur military engineers is to use the ordinary tools for calking in 
applying pointing ; to calk the Joint with the mortar in the usual 
way, and to rub the surface of the pointing until it becomes hard. 
To obtain pointing that will withstand the vicissitudes of our cli- 
mate is not the least of the difficulties of the builder's art. The 
contraction and e:q)ansion of the stone either causes the pointing 
to crack, or eise to separate from the stone, and the surface water 
penetrating into the cracks thus made, when acted upon by frost» 
throws out the pointing. Some have tried to meet tnis difficulty 
. by ^vin^ the sur&ce of the pointing such a shape, and so ar» 
Twog/Mg it with respect tp the sux&ces oi the stones fonning the 
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S* int, that tke water shall tridkle orer the pokiliiig wkhool mjtat> 
g the crack which w uBually between the bed of the ilone and 
the pointing. 

481. The term flash pointing is sometimes appKed to a coat- 
ing of hydraulic mortar laid over the face, or fa&ck of a wall, to 
preserve either the mortar joints, or the stone itself from the action 
of moisture, or the effects of the atmosphere. Mortar for flash 
pointing should also be made poor, and when it is used as a stucco 
to protect masonry from atmospheric action, it should be made of 
coaise Sand, and be applied in a single uniform eoat over the sur- 
face^ which should be prepared to receive the stucco by haying 
the joints thoroughly cteansed from dust and loose mortar, and 
being well moistened. 

No pointing of mortar has been found to withstand the eiSecto 
of weather in our climate on a long line of coping. Within a few 
years a pointing of asphalte has been tried on some of our mili- 
tary wonks, and has given thus far promise of a successful issue. 

482. Stucco exposed to weather is sometimes covered witfi 
paint, or other mixtures, to give it durability. Goal tar has been 
tried, but without success in our climate. M. Raucourt de 
Charleyille, in his work Trait6 des Martiers^ gives the following 
compositions for ra*otecting exposed stuccoes, which he states to 
succeed well in all climates. For important work, three parts of 
linseed oil boiled with one sixth of its weight of litharge, and one 
part of wax, For common works, one part of linseed oil, one 
tenth of its weight of litharge, and two or three parts of resin. 

The surfaces must be tnoroiu;hly dry before applying the 
compositions, which should be laid on hot with ä brusn. 

483. Repair$ cf Masonry. Li effectinff repaira in masonry, 
when new work is to be connected with old, the mortar of the old 
should be thoroughly cleaned off wherever it is injured along the 
surface where the junction is effected. The boM and odier ar- 
ranff ements will depend upon the circumstances of the case ; the 
sumces connected should be fitted as accurately as practicable, 
so that by using but little mortar, no disunion may take place 
from settung. 

484. An expedient, rery fertile in its appUcations to hydraulic 
constructions, nas been for some years in use among the Fren<di 
engineers, for stopping leaks in walls and renewing the beds of 
foiuidations which naye yielded, or have htea otherwise removod 
by the action of water. It consists in injecting hydraulic cemem 
into the parts to be filled, through holes dnlled tmough the mi^ 
scHury, by means of a strong syringe. The Instruments used iot 
this purpose (Fig. 55) are usually cylinders of wood, or of caat 
iron ; the bore uniform, except at the end which is terminatcbd 
with a node of the usual conical form ; the piston is of wood, 



ind iB diiren down by a heavy mallet. - In using the syringe H 
ia adjnited to Üie hole ; the hydrauUc cement in a semi-fluid 
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State poured mto it ; a wad of tow, or a disk of leather being in- 
troduced on top before ineerting the piston. The cement ia 
forced in by repeated blows on the piston. 

465. A mortar of hydrauhc lime and &ne sond haa been nsed 
for the Bame purpose ; the Urne being ground fresh &om the kiln, 
and used before shtking, in order that oy the increase of volume 
which takes place firom slaking, it night fill more coinpactly all 
interiar voids. The use of unslaked lime has receired sereral 
ingenious apphcations of this character ; its after expansion may 
prove injurioua when coniined. The ubb of Band in mortar for 
mjections has l^ some engineers been condeained, aa from the 
State of tluidity m which the mortar muBt he UBed, it settles to 
the bottom of the syringe, and thus prevents the formation of a 
homogeneous mass. 

486. Effects of Temperatur« on Matonry. Frost is the moat 
powerful destructiTe agent against which the engineer has to 
guaid in constnictiona of masonry. During severe winters in the 
northem parts of out comutry, it has been ascertained, by Obser- 
vation, that the frost will penetrate earth in contact with walls to 
depths exceeding ten feet ; it therefore becomes a matter of the 
first importance to use every practicable means to drain thoroughly 
all the ground in contact with masomy, to whatever depths the 
foundations may be sunk below the sunace ; for if this precau- 
tion be not taken, accidents of the moet serious nature mar hap- 
pen to the foundations &om the action of the froat. Ii water 
collects in any quantity in the earth around the foundations, U 
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may be necessary to make small covered drains under them to 
convey it off, ana to place a Stratum of loose stone between the 
sides of the foundations and the surrounding earth to give it a 
free downward passage. 

It may be laia down as a maxim in building, that mortar which 
is exposed to the action of firost before it has set, will be so much 
damaged as to impair entirely its properties. This fact places in 
a stronger light what has already been remarked, on the necessity 
of ktying the foundations and the structure resting on them in hy- 
draulic mortar, to a height of at least three feet above the ground ; 
for, although the mortar of the foundations might be protected 
Irom the action of the frost by the earth around them, the parts 
inmiediately above would be e7q>osed to it, and as those parts at* 
tract the moisture firom the ground, the mortar, if of common 
lime, would not set in time to prevent the action of the firosts of 
Winter. 

In heavy walls the mortar in the interior will usually be se- 
cured firom the action of the firost, and masonry of this character 
might be carried on until freezing weather commences ; but still 
in all important works it will be by far the safer course to sus- 
pend the construction of masonry several weeks before the or- 
dinary period of firost. 

During the heats of summer, the mortar is injured by a too 
rapid drying. To prevent this the stone, or brick, should be 
thorougmy moistened before being laid ; and afterwards, if the 
weather is very bot, the masonry should be kept wet until the 
mortar gives mdications of setting. The top course should al- . 
ways be well moistened by the workmen on quitting ik&c work 
for any short period during very warm weather. ^* 

The effects produced by a high or low temperature on mortar 
in a green State are similar. In the one case the freezing of the 
water prevents a union between the particles of the Irnie and 
Band ; and in the other the same ansei^ firom the water being 
rapidly evaporated. In both cases the mortar when it has set is 
weak and pulverulent. 
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FRAMING. 

467. Fiuxuro is the art of ananging beams of solid materiab 
for the yanoua puiposea to which they are applied in structures. 
Kframe is any arrangement of beams made lor austainiiiff strains. 

488. That oraiich of firaming which relates to the combination» 
of beama of timber is denominated Carpentry, 

489. Timber and iron are the only materials in conunon use 
for frames, as they are equally suitable to resist the yarious 
atrains to be met with in structures. Iron, independently of 
offering greater resistance to strains than timber, possesses the 
fiurther adyantage of being susceptible of receiying the most suitr 
able foims for strength without isiyjay to the material ; while tim- 
ber^ if wrottght into the best forma for the object in yiew may, in 
some cases, be gready injured in strength. * 

490. The object to be attained in firanung is to giye, by a suit- 
able combination of beams, the requisite degree of strength and 
stiffiiess demanded by the character of the structure, united with 
a lightness and an economy of material of which an arrangement 
of a massiye kind is not susceptible. To attain this end, the 
beams of the firame must be of such forms, and be so combined 
that they shaU not only offer the greatest resistance to the efforts 

« they may haye to sustain, but shdl not change their relatiye.po- 
sitionsSipm the effect of these efforts. 

49MK'he forms of the beams will depend upon the kind of 
material used, and the nature of the stram to which it may be 
sobjected, whether of tension, compression, or a cross strain. 

492. The general shape giyen to the firame, and the combina- 
tiona of the beams for tnis purpose, will depend upon the object 
of the firame and the oirections m which the efforts act upon it. 

In firames of timber, for example, the cross sections of each 
beam are senerally uniform throughout, these sections being 
either circukr, or rectangular, as thesM||a the only simple forms 
which a beam can receiye without ^f/ff to its strength. In 
firames of cast iron, each beam may be öast into the most suitable 
form for the strength required, and the economy of the material. 

493. In combining the beams, whateyer may be the general 
shape of the frame, me parts which compose it must, as far as 

Eacticable, present triangulär figures, eacn aide of the triangles 
ing formed of a Single beam ; the connection of the beams at 
the angular points, termed the 7'otnt«, being so arranged that no 
yieldi^ can take place. In all combinations, therefore, in which 
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the priocipal beams fonn polwonal figoies, secondaiy beams 
mudt be added, either in the oirectioiis of the diagonau of the 
polygon, or so as to conne^t each pair of beams forming an angle 
of die polygon, for the puipose of preventing any change ot form 
of the figure, and of givm^ the frame the requisite stiffiiess. 
These secondary pieces receive the general appellation of bracea. 
When they sustain a strain of compression they iure tenned stnUs; 
when one of extension, ties. 

494. As one of the objects of a firame is to transmit the strain 
it directly receiyes to firm points of support, the beams of which 
it is formed should be so combined that this may be done in the 
way which shall have the least tendency to change the shape of 
the firame, and to fracture the beams. These conditions will 
be best satisfied by giving the principal beams of the frame a 
poshion such that the strains they receive shall be transmitted 
through the axes of the beams to the fixed supports ; in this man- 
ner there can be no tendency to change the shape of the frame, ex- 
cept so £Bur as this may arise firom the contractions, or elongations 
of the beams, caused by the strains ; and as aJl unnecessary 
transyersal strains will in like manner be avoided, the resi^tancee 
oiFered by the beams will be the greatest practicable. 

495. Whenever these conditions cannot be satisfied, the strains 
on the. frame should be so combined that those which are not 
transmitted to the points of support shall balance, or destroy each 
odier ; and those oeams which, from being subjected to a cross 
strain, might be either in danger of rupture, or of being deflected 
to qo great a degree as to injure the stabiht^ of the frame, should 
be supported by struts abuttin^ either agamst fixed supports, or 
against points of the frame wnere the pressure thrown upon the 
strut would haye no efiect in changing Uie shape of the frame. 

496. The points of support of a frame may oe either aboye, or 
below it. In the first case, the frame will consist of a suspended 
System, in which the polygen wUl assume a position oi stable 
equilibrium, its sides being subjected to a strain of extension. In 
the second case the fiume, if of a polygonal form, must satisfy 
the essential conditions already enumerated, in order that its State 
of equilibrium shall be stable. 

497. The streng of the firame and that of its parts, and their 
consequent dimensions, must be regulated by the strains to which 
they are subjected. When the form of the frame and the direc- 
tion and amount of the strain bome by it are given, the direction 
and amount of the strain which the difierent parts sustain can be 
ascertained by the oxdinary laws of statics, and, from these data, 
the requisite dimensions and forms of the parts. 

498. The obiect of the structure will necessaiily decide the 
general shape oi the frame, as well as the direction of the strains 
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to which it will be subjected. An examination, therefore, of the 
frames adapted to some of the more usual structures will be the 
best course for illustrating both the preceding general principles, 
and the more ordinary combinations of the beams and joints. 

499. Frames of Timher, These are composed either entirely 
of straight beams, or of a combination of straight beams and of 
arches lonned by bending straight beams. 

Pieces of crooked timber are used either where the form of the 
parts requires them, or eise where a stronff connection is necessaiy 
between straight pieces diat form an an^e between them. 

500. As has iQready been stated, the cross section of each 
beam is generally miiform and rectangular. This will, in some 
cases, give more strength than the character of the strain resisted 
may demand ; and will, also, throw a greater amomit of pressure 
on the points of support, than if beams of a form more strictly 
adaptea to the object in view were used : but it ayoids cutting 
the fibres across the grain, or making, as it is termed, ffrain-cut 
beams, and thereby materially injuring the strength of Sie piece. 
This objection, howeyer, is only appUcable to the parts of a frame 
formed of single beams. Whereyer seyeral thicknesses of beams 
are required in the arrangement of any part, the adyantage may 
be taken of giying the combination the most suitable form for 
strength and lightness combined. 

501. Frames for Cross Strains. The parts of a firame which 
receiye a cross strain may be horizontal, as the beams, oijoists of 
a floor ; or inclined, as the beams, or raßers which form the inclined 
sides of the frame of a roof. The pressure producing the cross 
strain may either be uniformly distributed oyer the beams, as in 
the cases just cited, arising firom the flooring boards in the one 
case, and the roof coyering in the other ; or it may act only at one 
point, as in the case of a weight laid upon the beam. 

In all of these cases the extremities of the beam must be firmly 
fixed against immoyeable points of support ; the lonser side oi 
the rectangular section of tne beam should be parallel to the di- 
rection of the strain, on account of placing the beam in the best 
Position for strength. 

If the distance between the points of support, or the bearingy 
be not great, the framing may consist simply of a row of parallel 
beams of such dimensions, and placed so far asunder as the strain 
bome may require. When the beams are narrow, or the depth 
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of the rectangle considerably greater than the breadth, (Fig. 56,) 
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short struts of battens may be placed at interyals between each 
pair of beams, in a diagonal direction, uniting the bottom of the 
one with the top of the other, to prevent the beams from twisting, 
or yielding laterally. 

When tne bearing and strain are so great that a Single beam 
will not present sufficient strength and stiffiiess, a combination 
of beams, termed a buüt beam, which may be solid, coni^isting 
of several layers of timber laid in juxtaposition, and firmly con- 
nected together by iron bolts and Straps, — or open, being K>rmed 
of two beams, with an interval between them, so connected by 
cross and diagonal pieces, that a strain upon either the upper or 
lower beam will be transmitted to the other, and the whole System 
act under the effect of the strain Uke a solid beam. 

502. Solid built Beams, In firaming solid built beams, the 
pieces in each course (Fig. 57) are laid abutting end to end with 

Fig. 57— RepresentBE aolidbiiiUbeam 
of three courses, the i>ieoef of 
euch coune breaking jointB and 
oonfined by iron hoops. 
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a Square Joint between them, the courses breaking joints to form 
a streng bond between them. The courses are firmly connected 
either by iron bolts, formed with a screw and nut at one end to 
bring the courses into close contact, or eise by iron bands driyen 
on tight, or by iron stirrups (Fig. 58} suitably arranged with screw 
ends and nut»for the same purpose. 



Fig. S&— Repiresento an iron stirrap, or hoop a with iiuti or femal» 
■crewB e which oonfine the cross piece of the stirrup b. 



When the strain is of such a character that the courses would 
be Uable to work loose and sUde along their ioints, the beams of 
the different courses may be made with shallow indentations, 
(Figs. 59, 60,) accurately fitting into each other ; or shallow rec- 
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Fig. 58--Represent8 a solid built 
beam of three conme anai^red 
with indents and oonfined by inn • 
hoops. 




Fig. 60— Reprannti a solid baut beam, the top pait being of two pieoes 6, b which abot 
against a broad flat iron hott o, teimed a kins^ Mt. 

tangular notches (Fig. 61) may be cut across each beam, being 
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so placed as toxecebe blodn» or kej/9 of haxd wood. The keyv 
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ai6 Bometimes made of two wedge-ahaped piecea, (Fig. 62,) for 
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tfae purpose of cauaing them to fit the notchea more closely, and 
to admit <^ being driyen tight upon any ahrinkage of the woody 
fibre. 

The joiiita between the couraea may be left aligfady open 
without impairi^ in an appreciable degree the atrength of the 
combination. lliia ia a good method in beama expoaed to moia- 
toie, aa it allowa of evaporation firom the .free circulation of the 
air throuffh the jointa. Feit, or stout paper aaturated with min- 
eial tar, naa been recommended to aecure die jointa firom the 
action of moiature. The prepared material ia ao placed as to 
occupy the entire sur&ce of the Joint, and the wnole ia well 
acrewed together. 

503. Open built Beams. In firaming open built beams, the 

Cbcipal point to be kept in view is to fonn auch a connection 
tween the upper and lower solid beama, that they shall be 
strained uniforimy by the action of a strain at any point between 
the bearings. Tiiia may be effected in varioua ways, (Fig. 63.) 

FSg. 69— Repneento an open 
built beam : A end B an 
Üie top and bottom raik or 
itriiigB^ «.«, eroai i^eoes, 
either nDKla or in pain; h, 
diacMial bracea in pain; e, 
angle diagonal biaöea. 

The Upper and lower beams may consist either of single beams, 
or of solid buUt beams ; these are connected at regulär intervals 
by pieces at li^ht angles to them, between which diagonal pieces 
are placed. By this arrangement the relative position of all the 
parts of the firame will be presenred, and the strain at any point 
will be brought to bear upon the inteimediate points. 

Two of the best known applications of this combination, when 
timber alone is used, are those of Colonel Long, of the U. 8. 
Topographical Engineers, and of the late Mr. Town. 

504. That of Colonel Long (Fig. 64) consists in forming both 
tfae Upper and lower beams, teimed by the inrentor the strings^ 
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of three parallel beams, sufficient space being left between Übe 
one in the centre and the other two to insert the cross piecest 




Flg. 04— ReprasBiite a iMmd of Loiig*8 tn». 

A aod B» Iq^ asd bottom atrinfi onhne eooMi. 

C,apoBtBuipaiM. 

D| bnees m pau». 

£, oocmter bröoe nngle. 

OL o, moitiaefl ediere jibe and ksyv aia imdited 

F» Jib and kioy of haid wood. 

termed the posts ; the posts consist of beams in pairs placed at 
suitable intervals along the strings, with which they are connected 
by wedge blocks, tenned jibs and keys, which are inserted into 
rectangular holes made through the strings, and fitting a corre- 
sponding shallow notch cut into each post. A diagonal piece, termed 
a bracey connects the top of one post with the foot of the one ad- 
jacent by a suitable Joint. Another diagonal piece, termed the 
counter^ace^ is placed crosswise between the two braces and 
their posts, with its ends abutting against the centre beam of the 
Upper «and lower strings. The counter-braces are connected 
with the posts and braces by wooden pins, termed tree-naih. 

In Wide bearings, the strings will require to be made ot several 
beams abutting end to end ; in tfais case the beams must br^ 
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joinU, and short beams must be inserted between the centre and 
exterioT beams wherever the joints occur, to strengthen them. 

The beame in this combination are all of uniform croas sectioD, 
the joints and festeningB are of the simpleBt kind, and the parts 
are well diBtributed to call into play the strength of the strmgs, 
and to produce unifona stiffiiess aiui strain. 

505. The combinatioD of Mr. Town (Fig. 65) consiatB in two 



main strings, each fonned of two or three parallel beams of two 
thicknesses breaking joints. Between the parallel beams are in- 
serted a series of diagonal beams crossing each other. These 
diagonal« are connected with the strings and with each other by 
tree-aails. When the strings are formed of three parallel beams, 
diagonal piecea are placed between the centre and exterior beams, 
aiw two mtermediate strings are placed between the two courses 
of diagonals. 

Tbis combination, commonlj known as the lattice truss, is of 
very easy mechanical execution, the beams being of a uniform 
cross section and length. The strains upon it are bonie by the 
tree-nails, and when uaed for atructures subjected to yariable 
strains and jars, it loses its stiffiieBS and sags between the points 
of Support. It is more recommendable for its simplicity than 
acientibc combination. 

506. A third method, catled after the patentee, How's truss, 
has witbin a few years come into general notice. It conaists of 
(Fig. 66) an upper and lower string, each formed of several thick- 
nesses of beams placed side by side and breaking joints. On the 
Upper aide of the lower string and the lower siae of the Upper, 
blocks of hard wood are inserted into shallow notches ; the blocks 
are bcTelled off on each side to form a suitable point of support, 
or Step for the diagonal pieces. One series of the diagonal piecea 
are arranged in pairs, the others are single and placed between 
those in pairs. Two strong bolts of iron, which pass through 
the blocks, connect the upper and lower strings, and are arranged 
with a screw cut on one end and a nut to draw the parts closely 
together. 

This combination presents a judicious arrangement of the parts. 
The blocks give abutting surfaces foi the braces auperior to those 
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obtained by the ordinaiy forms of Joint for this purpose. The 
bolts replace advantageously the timber posts, and in case of the 




Fig. 66— Representi 
an elevation of a 
poition of Howe'i 
truss. 

a, top etring. 

b, bottom strinas. 

€t c, diagonal Draces 
inpain. 

d, Single braces. 

e, e, Steps of hard 
wood for braces. 

/,/, iron rods with 
nuts and screws. 



firame working loose and saggii^, their arrangement for tiffhten- 
ing iip the parts is simple and emcacious. The timber of each 
string is not combined to give as great strength as its cross sec- 
tion is susceptible of, and the lower string, upon which a strain 
of tension is brought, against which timber offers the greatest 
resistance, has received a greater cross section than that of the 
Upper. 

The preceding combinations have been appUed generally in 
our country to brid^es. In this apphcation, the timber support- 
ing the roadway of the bridge is usually placed on the lower 
strings ; two, tHree, or four built beams oemg used, as the case 
may require, for supporting the transverse beams under the road- 
way, the centre beams leaving an equal width of roadway between 
them and the exterior beams. 

607. Framingfor intermediate Supports, Beams of ordinary 
dimensions may be used for wide bearings when intermediate 
Supports can be procured between the extreme points. 

The simplest and most obvious method of effecting this is to 
place uprignt beams, termed props, or shores, at suitable intervals 
under the supported beam. 

When the props would interfere with some other arrangement, 
and points of support can be procured at the extremities below 
those on which uie beam rests, inclined struts (Fig. 67) may be 
used. The struts must have a suitably formed step at the foot, 
and be connected at top with the beam by a suitable Joint. 

In some cases the bearing may be diminished by placing on 



IH 



FBAXIirO. 




tlM middb bf laeliaBd 



the points of support short pieces, tenned c&rbeUt (Fig. 68,) and 
lupportiiig these near their ends by ttruts. 




Fig. 
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In other cases a portion of the beam, at the middle, may be 
strengthened by placing under it a short beam, called a straining 
beanif (Fig. 69,) against the enda of which the Btruta abut 
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Whenever the bearing may reouire it the two preceding ar- 
langcxnenta (Fig. 70) may be usea in coimection. 




Fig.TI»— Rd- 
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In all combinations with struts, a lateral thnist will be dirown 
on the point of support where the foot of the strut rests. This 
strain must be proTided for in arranging the Btrength of the Sup- 
ports. 

508. When intermediate Supports can be procured only abore 
the beam, an anrangement must be made.wmch shall answer the 
purpose of sustaining the beam at its intermediate points by Sus- 
pension. The combination will depend upon the number of in- 
termediate points required. 
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When the beam requires to be suppoited only at the middle, 
it may be done by placing two inclined pieces, resting on the 
beam at its extremities, and meeting unaer an angle aboye it, 
from which the middle of the beam can be suspended by a rod of 
iron, or by another beam. If the suspending piece be of iron, it 
must be arran^ed at one end with a screw ana nut. When the 
Support is of tmiber, a single beam, called a kingpost^ (Fig. 71,) 



Fiff . 71— RepreMiiti a 
Domontal beam c 
■upported at its mid- 
dle by a king poak 

'g aiHpeiided inm 
the Ktnite c, e. 



may be used, against the head of which the two inclined pieces 
may abut ; the foot of the post is connected with the beam by a 
bolt, an iron stirrup, or a suitable Joint. Instead of the ordinary 
kjne post, two beams may be used ; these are placed opposite to 
each other and bolted together, embracing between them the sup- 
ported beam and the heads of the inchned beams which fit into 
shallow ndtches cut into the supporting beams. Pieces arranged 
in this manner for suspending portions of a firame receive the 
name of Suspension pieces^ or hridle pieces. 

When two intermediate points of support are required, they may 
be obtained by two incUned pieces resting on the ends of the 
beam and abuttinff against the extremities of a short horizontal 
ftraining beam, (Fig. 72.) The Suspension pieqps in this case 



Fis« 79— Repieniiito a beam 
e nipparted at two points 
\xf pöili ^, g BDqwnded 
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may be either posts, termed qtieen postSf arran^^ like a kins 

f>08t, iron rods, or bridle pieces. This combination may be used 
br very wide bearings, (Fig. 73,) by siiitably increasing the num- 
ber of mclined pieces and straining beams. 

Some of the preceding combinations may be used for support- 
ing one end of a beam subjected to a cross strain when the other 
has a fixed point of suj^rt. This may be done either by an in- 
düned strut beneath, or an inclined tie above the beam. When 
a wooden tie is used it should consist of two pieces bolted to* 
gelber and embracing the beam. 

2S 
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a bMm e Bogpended fimn a combinatioa of itrats and 
itiammg beam by poila ^, ^. 

509. The classifications under the two preceding heads repre- 
sent the principal combinations of straight beams applied to the 
purposes of framing. The frame of an ordinary roof presents one 
of tne simplest combinations by which the action of the different 
paits of a irame may be illustrated. 

A roof of the oidinary form consists of two equally inclined 
sides of metal, slate, or other material, which is attached to a 
coyering of boards that rests upon the firame of the roof. The 
firame consists of several vertical firames, termed the tnisses of 
the roof, which are placed parallel to and at soitable intervals 
firom each other ; these receive horizontal beams termed purlins^ 
which rest upon them and are placed at suitable intenrals apart, 
and upon the purlins are placed incUned pieces termed the lon^ 
rafUrSy to which the boards are attached. 

The truss of a roof, for ordinary bearings, consists (Fig. 74) 




flg. 74— Reprannto a roof troH for madiam qiaiia. 
o, tie beam of tras. 

d, fr, pfincipal raflen framed into tie beam and the king port e, and oonlined at 
tn eirfoo t by an iron ttrap. 

i^ dt atruts. 

e, e, iHuliDi rapporting the common raflen/,/. 

of a horizontal beam termed the tie beam^ with which the inclined 
beams, termed the principal rafiers, are connected by suitable 
joints. The principal rafters may either abut against each other 
at the top, or ridge, or against a King post. Inclined struts are 
in some cases placed between the principal rafters and king post, 
with which they are connected by suitable joints. 

For wider bearings the short rafters (Fig. 75) abut against a 
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Btraining beam at top. Queen posts connect these pieces with 
the tie beam A king post connects the straining beam with the 

• flg. 75— Reprasentt a nx>f troH for wide 

i^ans. 
a,tiebeam. 
bt b, principa] raften. 
CtjAkaii raften abutting against the gtiaiii- 

ingbeamc^. 
e and/, king and queen pMtB in pain. 
^, g, miriina rappoiting common raf- 

top of the short rafters ; and strats are placed at suitable points 
between the rafters and king and queen posts. 

In each of diese combinations the weight of the roof covering 
and the frames is Bupported by the points of support. The prin- 
cipal rafters are subjected to cross and longitudinal strains, ansing 
from the weight of the roof covering and trom their reciprocal ac- 
tion on each other. These strains are transmitted to the tie. beam, 
causing a strain of tension upon it. The struts resist the cross 
strain upon the rafters and prevent them from sagging ; and the 
king ana queen posts prevent the tie and straining beams from sag- 
ging and ^ve points of support to the struts. The short rafters 
and straimng beam form pomts of support which resist the cross 
strain on the principal rafters, and support the strain on the queen 
posts. 

610. Wooden Arches. A wooden arch may be formed by 
bending a Single beam (Fig. 76) and confining its extremities to 



horisontal 
middle 




prevent it from resuming its original shape. A beam in this State 
presents greater resistance to a cross strain than when straight, 
and may be used with advantage where great stiffhess is required, 
provideä the points of support are of sufficient strength to resist 
the lateral thrust of the beam. This method can be resorted to 
only in narrow bearings. 

For wide arches a curved built beam must be adopted ; and 
for this purpose a solid, (Figs. 77 and 78,) or an open built beam 
may be used, depending on the bearing to be spanned by the 
arch. In either case the curved beams are built in the same 
manner as straight beams, the pieces of which they are formed 
being suitably beut to conJForm to the curvature of the arch, which 
may be done either by steaming the pieces, by mechanical power, 
or Dy the usual method of softeninff the wooay fibres by keeping 
the pieces wet while subjected to the heat of a ligbt blaze. 
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Woodcn arches may also be fonned by fasternng together ser- 
«nl courseH of boarda, giring tlie fiiume a polygonal fonn, (Fig. 
79,) correspooding to the desiied ouirature, aiul then shapiiig the 




paüta an kajaä toaetb/a. 



oater and üiner edges of the arch to the proper corre. Each 
course is fonned oi boards cut into shoit lengtha, depending on 
die cuTvature required ; these pieces abut end to end, the joints 
being in the direction of the radii of curvature, and the pieces 
composing the different courses break joints with each other. 
The courses may be connected either by jibs and keys of hard 
Wood, or I^ iron bolta. This method is very suiuble for all 
li|^t frame work where the presBure bonie is not great. 

w^ooden arches are chiefly used for bridges and roo&. They 
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serve as intermediate points of support for the firammg on which 
the roadway rests in the one case, and the roof covering in the 
other. In bridffes the roadway may lie either above the arch, or 
below it; in either case vertical jposts, iron rods, or bridles con- 
nect the horizontal beams with the arch. 

51 1 . The flreatest strain in wooden arches takes place between 
the crown and springing line ; this part should, therefore, when 
practicable, be relieved of the pressure that it wonld directly re- 
ceive firom the beams aboye it by inclined struts, so arranged as 
to throw this pressure upon the lateral supports of the arch. 

The pieces which compose a wooden arch may be bent into 
any curve. The one, however, usually adopted is an arc of a 
circle, as the most simple for the meclianical construction of the 
firaming, and presenting all desirable strength. 

512. Centres. The wooden firame with which the youssoirs of 
an arch are supported while the arch is in progress of construc- 
tion is termed a centre, 

A centre, like the firame of a roof, consists of a number of 
vertical frames (Figs. 80, 81, 82, 83) termed trusses, or ribs^ 
upon which horizontal beams, termed bolsters^ are placed to re- 
ceiye the youssoirs of the arch. 

The curyed, or hack pieces of a centre on which the bolsters 
rest consist of beams cut into suitable lengths and shaped to the 
proper curyature ; these pieces abut end to end, the joints between 
them being in the direction of the radii of curyature ; the joints 
are usually secured by short pieces, or blocks placed under the 
abutting ends to which the back pieces are bolted. The blocks 
form abutting surfaces for shores, or inclined struts seated against 
firm points of support below the back pieces. To preyent the 
shores, or the struts firom bending, braces, or bridles, which are 
usually formed of two pieces, each with shallow notches cut into 
them, are added, and embrace between them the shores, or struts, 
the whole being firmly connected with iron bolts. 

The combinations used for the firames of centres will depend up- 
on the Position of the points of support and the size of the arches. 
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513. For small light arches (Fig. 80) the ribs may be formed 
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of two or more thicknesses of ahort boards, firmly naiied togetker ; 
the boards in eacb course abutting end to end bv a Joint in the 
direction of the radius of cuirature of the arch, and breaking 
joints wlth those of the olher coune. The ribs are shaped to 
the form of the intrados of the arch, to receive the bolsters, which 
are of battens cut to suitable lengths and naiied to the ribs. 

SM. For beavy arches wilh widc spans, when finn interme- 

diate points of Bupport can be procure^ between the abutments, 

the back piecea (Fig. 81) may be aupported by Bhores placed 

F1(. 81— Fftiwmn Um 

inleräradiate pranla ö[ 

a, back piecea of Ihe rib 
which recein Um bol- 
Men/. 
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nnder the blocks in the direction of the radü of curvature of the 
arch, or of inclined atnits (Fig. 82) resting on the poinu of sup- 



FSf. Sl—RepnHnb a put of Iha rib of Gnsreuoi Bridie orer Uie Dee at Cheatu. 
SpaniOSteet. 

A, A, inUnmediBte point» urmnnrt. 
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whioh the voiMun ■» laid. 

pwt. The shorea, or atnita, are prevented from bending by braces 
aaitably placed for the purpos«. 



515. If intermediate points of support cannot be obtained, a 
broad framed su]|port must be made at eacb abutment to receive 
the extremities of the struts that suatain the back pieces. The 
framed support (Fig. 83) consists of a heavy beam laid either 




horizontally, or inclined, and is placed at that Joint of the arcb, 
(the one wiuch makes an angle of about 30° with the horizon,) 
where the voussoirs, if unsupported beneath, would shde on theii 
bed». This beam is bomc oy shores which find firm points of 
support on the foundations of^the abutment. 

The back pieces of the centre (Fig. 83) may be supp<»ted by 
inclined struts which rest immediatelyupon the framed support, one 
of the twQ struts under each block resling upon one of the fiiumed 
Supports, the other on the one on the opposite side, the two struts 
bemg so placed as to inake equal angles with the radius of cur- 
vature of the arch drawn through the middle point of the block. 
Bridle pieces, placed in the direction of the radius of currature, 
embrace the blocks and struts in the usual manner, and prerent 



Ihe latter from sagging. Thie combination prcBcnta a figure of 
inpsiiable form, aatlie strain at any one point is receiveaby tfae 
•truta and tranainitted direcUy to tbe iixed pointe of support. It 
haa the diudrantage of requiring beaniB of gre^ length when the 
■pan of the arch is conaiderable, and of prcsenting frequent cros»- 
ins of the struta where notches will be requisite, asd me strength 
ofthe beams thereby diminiBhed. 

The centre of Waterloo Bridge over the Tbames (Fig. 83) was 
framed on this piinciple. To aroid the incoiiTenienceB resulting 
from the crosBing of the struta, and of building beams of sufficient 
length where the strutB could not be procured from a aingle beam, 
the derice waa imagined in this work of receiving the ends of 
several atnita at the points of croaBing into a large cast-iion socket 
fluspended by a bridle piece. 

616. When the preüding combination cannot be employed, a 
stroDg trusa, (Fig. S4,) conaisting of two inclined etrula resting 
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upon the framed aupports, and abutting at top against a atraining 
beam, may be formed to receive the ends of Bome of the stnits 
which aupport the back piecea. Thia combination, and all of a 
like character, require that the arch should not be constnicted 
more rapidly on one aide of the centre than on the othei, aa any 
inequahty of strain on the two halves of the centre would have a 
teodency to change the shape of the frame, thruating it in the 
directioii of the greater strain. 

517. Meana uted for tlriking Cenlres. When the arch is 
ccmipleted the centres are dötached from it, ot Struck. To effect 
this in large centres an arrangement of wedge blocka is used, 
temied the atriking plates, by means of which the cenlre may be 
gradually lowered and delached from the soffit of the arch. This 
arrangement conaista (Fig. 83) in forming stepa upon ihe upper 
aurface of the beam which fonns the framed aupport to receive a 
wedge-shaped block, on which another beam, naring its under 
Burface also airangül with steps, rcsts. The struU of the rib 
either abut against the Upper aurface of the top beam, or eise are 
inserted into caet-iron sockets, termed ahoe-platea, fastened to 



jPEAMINO. 186 

this sur&ce. The oentre is Struck by driving badL the wedge 

block. 

518. When the struts rest lipon intermediate supports between 
the abutments, double, or folmng wedges may be placed under 
the struts, or eise upon the back pieces of the nbs under each bol- 
ster. The latter arrangement presents the advantage of allowing 
any part of the centre to be eased from the soffit, instead of de- 
taching the whole at coice as in the other methods of striking 
wedges. This method was employed for the centres of Grosve- 
nor Bridge, ^ig. 82,) over the river Dee at Chester, and was 
perfectly successful both in allowing a gradual settling of the arch 
at Yarious points, and in the Operation of striking. 

519. Ttes and Bracesfor aetached Frames, When a series 
of frames concur to one end, as, for example, the main beams of 
a bridge, the trusses of a roof, ribs of a centre, &c., they require 
to be tied together and stiffened by other beams to prevent any 
displacement, and warping of the frames. For this puipose beams 
are placed in a horizontal position and notched upon each frame 
at suitable points to connect the whole together ; while others are 
placed Crossing each other, in a diagonal direction, between each 
pair of frames, with which they are united by suitable joints, to 
stiffen the frames and prevent them frt>m yiekling to any lateral 
effort. Both the ties and the diagonal braces may be either of 
Single beams, or of beams in pairs, so arrangedas to embrace 
between them the parts of the frames with which they are con- 
nected. 

520. Joints. The form and arrangement of joints will depend 
upon the relative position of the beams joined, and the object of 
the Joint. 

Joints may be required for various purposes, either to connect 
the ends of beams of which the axes are in the same right line, 
or make an angle between them ; or the end of one beam with 
the face of another ; or where the face of one beam rests upon 
that of another. 

In all arrangements of joints, the axes of the beams connected 
should lie in the same plane in which the strain upon the frame 
acts ; and the combination should be so ananged that the parts 
will accurately fit when the frame is put together, and that any 
pKortion may be displaced virithout disconnecting the rest. The 
simplest forms most suitable to the object in view will usually be 
found to be the best, as offering the most facility in obtaining an 
accurate fit of the parts. 

In adjusting the surfaces of the joints, an allowance should be 
made for any settling in the frame which may arise either from 
the shrinking of the timber in seasoning while in the firame, or 
from the fibres yielding to the action of the strain. This is done 

24 
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by learing sufficient play in the joints when the firame is first set 
up, to admit of the parte Coming into peifect contact Tvhen the 
frame has attained ite final settlin^. Jointe fonned of plane sur- 
faces present more difficulty in this respect than curved joints, as 
the bearing surfaces in the latter case will remain in contact 
should any slight change take place in the relative positions of 
the beams firom settling ; whereas in the former a sliglit settliiig^ 
might cause the strains to be thrown upon a comer, or edg^e of 
the Joint, by which the bearing surfaces might be cnished, and 
the parte of the frame work wrenched asunder from the lererage 
which such a circumstance might occasion. 

The surÜBice of a Joint subjected to pressure should be as great 
as practicable, to secure the parte in contact from heing crushed 
by the strain ; and the surface should be perpendicular to ibe 
direction of the strain to prevent sliding. 

A thin sheet of wrougnt iron, or lead, may be inserted between 
the surfaces of jointe where, from the magnitude of the strain, 
one of them is üable to be crushed by the other, as in the case 
of the end of one beam resting upon the fiice of another. 

521. Folding wedses, and pins, or tree-nails, of hard vrood are 
used to bring the sunaces of jointe firmly to their bearings, ai^ 
retain the parte of the frame in their places. The wedges are in- 
serted into Square holes, and the pins into auger-holes made 
through the parte connected. As the object of these accessories 
is simply to Dring the parte connected into close contact, they 
should be carefmly driven in order not to cause a strain that 
mi^t crush the fibres. 

To secure jointe subjected to a heavy strain, holte, Straps, and 
hoops of wrought iron are used. These should be placed in the 
best direction to counteract the strain and prevent the parts firom 
separating ; and wherever the holte are requisite they should be 
inserted at those points which will least weaken the Joint. 

522. Joints of Beams united end to end, When the axes of 
the beams are in the same right line, the form of the Joint will 
depend upon the direction of the strain. If the strain is one of 
compression, the ends of the beams may be united by a square 
Joint perpendicular to their axes, the Joint being secured (Fig. 85) 



I — ^ 



i 



■■r 



t=i 



I 



1 



Flg. es^Represents the manner in which the end Joint of two beanw a and b k fiabed 

or Becuied hy aide pieces c and d bolted to them. 

by four short pieces so placed as to embrace the ends of the 
beams, and being fastened to the beams and to each other by 
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bolts. This arranffement, tenned fishing a beam^ is used onlj 
for rough work. ft may also be used wnen the strain is one df 
extension ; in this case the short pieces (Fig. 86) may be notched 
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Flg. 88— Repiesenti a fished Joint in which the aide pieces e and d are either let into 

the beams or secuied by keys e, e. 

lipon the beams, or eise keys of hard wood, inserted into shallow 
notches made in the beams and short pieces, may be employed 
to give additional securit^ to the Joint. 

A Joint termed a scarfmaj be used for either of the foregoing 
purposes. This Joint may be formed either by halving the beams 
on each other near their ends, (Fig. 87,) and securing the jöints 




Fig. 87— RepresentB a ecaif j<wit eeciiied by iran plates e, e, keys dt d, and boltau 

by bolts, or straps ; or eise by so arranging the ends of the two 
beams that each shall fit into shallow triangulär notches cut into 
the other, the Joint being secured by iron hoops. This last 
method is employed for round timber. 

523. When beams united at their ends are subjected to a cross 
strain, a scarf Joint is generally used, the under part of the Joint 
being secured by an iron plate confined to the beams by bolts. 
The scarf for this purpose may be formed simply by halving the 
beams near their ends ; but a more usual and better form (Fig. 




Flg. SS-i-Representi a scarf Joint for a croes strain secured at bottom by a piece 
of tiniber c confined to the beams by iron hoops d, d and keys e, e, 

88) is to make the portion of the Joint at the top surface of the 
beams perpendicular to their axes, and about one thiid of their 
depth ; the bottom portion being oblique to the axis, as well as 
the portion joining tnese two. 

When the beams are subjected to a cross strain and to one of ex- 
tension in the direction of their axes, the form of the scarf must be 
suitably arranged to resist each of these strains. The one shown 
in Fig. 89 is a suitable and usual form for these objects. A folding 
wedge key of hard wood is inserted into a space left between.thie 
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parte of the Joint which catch when the beams are diawn aparC 
The key serres to bring the surfiM^es of the joints to their bear- 
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, 89— Bepnieotiaioaif Joint tirufad to nriit a oraa gtniii and cne of 
eztonaop. Tbe bottom of the iouDt m ■ecnred bj an inn plate oonfined bgr 
boltik The MdJBf wedge key inmted et e eerrei to bting all the nufaee« 
of the joiiita to their bearingi. 

ings, and to form an abutting snrface to resist the strain of exten- 
aion. In this form of acarf the muface of the Joint which abuta 
against the key will be ccMnpressed ; the portions of the beams 
just above and below the Key will be subjected to eztension. 
These parts should present tne same amount of resistance, er 
have an equality of cross section. The length of the scarf should 
be regulated by the resistance with which the timber employed 
resists detrusion compared with its resistance to compression and 
eztension. 

524. When the axes of beams form an angle between them, 
they may be connected at their ends either by halving them 
on each other, or by cutting a mortise in the centre of one beam 
at the end, and shaping the end of the other to fit into it. 

525. Joints for connecting the end of one beam with the face 
ofaiiother. The joints used for this purpose are termed mortise 
and tenon joints. Their form will depend upon the angle be- 
tween the axes of the beams. When the axes are perpenoicular 
tbe mortise (Fig. 90) is cut into the face of the beam, and the end 
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flf . M>— RepnnntB a moitiBe and tenaii 
Joint when the azee of the beams an 
peipendicular to each other. 

«, tonon an the beam A. 

6, moitifle in the beam B. 

e, pin to hold the parts togetfaer. 



of the other beam is shaped into a tenon to fit the mortise. When 
the axes.of the beams are oblique to each other, a triangulär notch 
(Fig. 91) is usually cut into the face of one beam, the sides of the 
notch being perpendicular to each other, and a shallow mortise is 
cut into the lower surface of the notch ; the end of the other beam 
is suitably shaped to fit the notch and mortise. 
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Tenon and mortise joints have receiTed a yariety of fonns. 
The direction of the strain and the effect it may produce upon 




fig, 91— Reprawnto a matiM and tenon 
Joint when the axe« of the beami 
are oblique to each other. A notch 
whoae euifacei ak and he are at right 
angles m cut into the beam B and a 
Bhallow mortifle d is cut below the ior- 
faoe6c. The endof the beam A isai^ 
ranged to fit the notch and mortiee in 
B. The Joint it wcured bj a acrew 
holt. 



the Joint must in all cases regulate this point. In some cases the 
circular Joint may be more suitable tban those forma which are 
plane sunace? ; in others a double tenon may be better than the 
simple Joint. 

526. Tie joints. These joints are used to connect beams 
which cross, or Ue on each other. The simplest and stroiu^est 
form of tie j<Hnt consists in cutting a notch in one, or both ofthe 
beams to connect them securely. But when the beams do not 
crosSy but the end of one rests upon the other, a notch of a tra- 
pezoidal form (Fig. 92) may be cut in the lower beam to receive 
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the end of the upper, which is suitably shaped to fit the notch. 
ThiSy from its shape, is termed a dove-taü Joint, It is of fre- 

äuent use in joinery, but is not suitable for heavy firames where 
le joints are subjected to considerable strains, as it soon becomes 
loose from the snrinking of the timber. 

527. Iron Frames. Gast and wrought iron are both used for 
fr^mes. The former is most suitable where great strength com- 
bined with stifiness is required; the latter for light frames and 
wherever the strains act mainly as tensions. 

In iron frames the same general principles of combination are 
applicable as in those of timber, ana they admit of the same Clas- 
sification as frames ofthe latter material. 

Gast iron is most easi]^ wrought into the best forms for 
strength. The dimensions of the pieces must, however, be re- 
stricted within certain practical limits, both on account of the 
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labor and expeiise attendant upon the casting and handling of 
heavy pieces, and the difficulty of procuring tbem of uniform 
quality when of large size. In arranging the component parts of 
an iron frame, unifonnity in the shape and dimensions is requi- 
site both for economy and perfection of workmanship ; and as far 
as piacticable, the bulk of the different parts of each piece should 
be the same, in order to avoid the dangers arising firom unequal 
shrinking in cooling. 

Wroug^t iron may be hammered, or rolled into the most suit- 
able forms for strei^th, but for frames bars of a rectangiilar sec- 
tion are mostly used. 

The joints in both cast and wrougfat iron frames are made upon 
the same principles ßs in those of tunber, the fonns being adapted 
to the nature of the material ; they are secured by wrought iron 
wedgesy keys, bolts, &c. 

528. Frames for Gross Stredns. Solid beams of cast iron, 
moulded into the most suitable fonns for strength and for adap- 
tation to the object in view, may be used for supporting a cross 
strain where the bearings are of a medium width. Solid wrought 
iron beams can be used with economy for the same puiposes 
only for short bearings. 

529. Open cast iron beams are seldom used except in combina- 
tion with cast iron arches. Those of wrought iron are frequently 
used in structures. They may be fonned of a top and bottom raü 
connected by diagonal pieces, foiming the orcunary lattice ar- 
r^gement; or a piece beut into a curved form may be-placed 



f^ 




V/ Flg. 93—RepnBeiiti an o^en 
Deam of wrought iron consiat- 
ing of a top and bottom rail a 
' and b, with an intormediato 

cunred i>iece, the whole secured 
by the pieces c, e in pairs bolted 
tothem. 
d, e, vaAf represent the parts of a 
truasof a curved light roof, con- 
nected with the open beam ; and 
also the manner in which the 
whole are secured to the wall, 



between the rails, or any other suitable combination (Fig. 93) 
may be used which combines lightness with strength and sti&ess. 
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530. Iron Arches, Gast iron arches may be used for the same 
objects as those of timber. The frames for ihese puiposes con- 
sist of several parallel ribs of uniform dimensions which are cast 
into an arch tonn, the ribs being connected by horizontal ties, 
and stifFened by diagonal braces. The weight of the superstruc- 
ture is transmitted to the curved ribs in a variety of ways ; most 
usually by an open cast iron beam, the lower part of which is so 
shaped as to rest upon the curved rib, and the upper part suitably 
formed for the object in view. These beams are also connected 
by ties, and stiffened by diagonal braces. 

Each rib, except for narrow spans, is composed of seyeral 
pieces, or segments, between each pair of which there is a Joint 
m the direction of tbe radius of curvature. The forms and di- 
mensions of the Segments are uniform. The segments are usually 
eidier soUd, (Fig. 94,) or open plates of uniform thickness, having 

6 • 




Fig. «4-Rep- 
resents a por- 
tion of a cast 
iron plate 
arch with an 
open cast irou 
beam. 

A,A, Segments 
of the arch. 

B, B. panels 
of ine open 
beam con- 
nected at the 



a fianch of uniform breadth and depth at each end, and on the 
entrados and intrados. The fianch serves both to ^ive strength 
to the Segment and to form the connection between tne segments 
and the parts which rest upon the rib. 

The nbs are connected by tie plates which are inserted be- 
tween the joints of the segments, and are fastened to the segments 
by iron screw bolts which pass through the end flanches of the 
secments and the tie plate between them. The tie plates may be 
eitner open, or solid ; the former being usually preferred on ac- 
count Ol their superior li^htness and cheapness. 

The frame work of the ribs is stiffened by diagonal pieces 
which are connected either with the ribs, or the tie plates. The 
diagonal braces are cast in one r)iece, the arms being ribbed, or 
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feathered, and tqwring from the centre towaids the enda in a 
suitable manner to give lightness combined with strength. 

The open beams (Fig. 94) which real npon the cuired ribs are 
caat in a suitable number of panels ; the Joint between each pair 
being either in the directi(»i of the radü of ihe arch, or eise verti' 
cal. These pieces are also cast with flanches, by which thej are 
connected tosether and with the other paita of the frame. The 
beams, like me ribs, are tied together and stiffened by des and 
dif^nal braces. 

Beanis of suitable forms for the purpoees <^ the stnicture are 
placed either lengthwise, or crosswiae upon the o|)en beams. 

631. Curved ribs of a tubulär foim have, within a few years 
back, been tried with success, and bid bir to supersede the or- 
dinary plate rib, as with the same amount <^ metal they combine 
e strength than the flat lib. 
pplicatj 



The applicatioD of tubulär ribs wu first made in the United 
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> <. (Fig. A) ■ aide visw, aDd(Fig. B) an end Tiew of Ihe eUipttesI OhujIm ofthfl snd 
, Ol each aegnunt. 
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States by Major Delafield of the U. S. Corps of Engineers, in an 
arch for a bridffe of 80 feet span. Each rib was formed of nine 
Segments ; each segment (Fig. 95) being cast in one piece, the 
cross section of which is an eUiptical ring of uniform thickness, 
the transverse axis of the ellipse being in the direction of the ra* 
dius of curvature of the rib. A broad eUiptical flanch with ribs, 
or stays, is cast on each end of the segment, to connect the parts 
with each other ; and three chairs^ or saddle pieces^ with grooves 
in them, are cast upon the entrados of each segment, and at equal 
intervals apart, to receive the open beam which rests on the curved 
rib. ' 

The ribs are connected by an open tie plate, (Fig. 95.) Raised 
eUiptical projections are cast on each face of the tie plate, where 
it is connected with the segments, which are adjusted accurately 
to the interior surface of each pair of segments, between whicn 
the tie plate is embraced. The segments and plate are fastened 
by screw bolts passed through the end fianches of the segments. 

The tie plates form the only connection between the curved 
ribs ; the broad ribbed fianches of the semients, and the raised 
rims of the tie plates inserted into the ends of the tubes, giving 
all the advantages and stiffness of diagonal pieces. 

532. Tubulär ribs with an eUiptical cross section have been 
used in France for many of their bridges. They were first intro- 
duced but a few years back by M. Polonceau, after whose designs 
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Fig. 96— Repnnnti a aide Tiew A and a cnm lectioii and end yiew B through a Joint 

of M. Polonceau*s tubulär arch. 
«, a, top flanch, 6, h bottom flanch of the semi-eegments nnited along the vertical Joint; 

cd through the azis of the rib. 
gh^ aide yiew of the Joint between the flanches e» e of two semi-eegnienti. 
m, inner aide of the flanches. 

o. cnm aectioa of a aemi-eegment and top and bottom flanchca. 
/, /, thin wedgea of wrooght iron placed oetween the end flanches of the aeim-segnientB> 

to bring the parts to their pfoper twaring. 
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the greater part of these stnictures have been built. According 
to M. PoloDceau's plan, each rib consists of two symmetrical parte 
diyided lengthwise by a vertical Joint. Each half of the rib is 
composed of a number of segments so distributed as to break 
joints, in order that when the segments are put together there 
shall be no continuous cross Joint through the ribs. 

The segments (Fig. 96) are cast with a top and bottom flanch 
and one also at each end. The halves of the rib are connected 
by bolts through the upper and lower fianches, and the segments 
by bolts through the end flanches. 

For the purposes of adjusting the segments and bringing the 
rib to a suitabie degree of tension, flat pieces of wrought iron of 
a wedge shape are driven into the joints between the segments, 
and are conimed in the joints by the bolts which fasten Sie seg- 
ments and which also pass through these wedges. 

To connect the ribs with each other, iron tubulär pieces are 




ßg. 97— Representi the half of a trow of wrougiit iron for the new Hoases of Paiiia- 
ment, fjigland. Hie pieces of this truss are formed of bars of a rectanguiar Bection. 
The joints are secured by cast iron sockets, within which the ends of the bars ~ 
secuied by screw bolts. 
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placed between them, the ends of the tubes being suitably ad- 
justed to the sides of the ribs. Wrought iron rods which serve 
as ties pass through the tubes and ribs, being arranged with 
screws and nuts to draw the ribs firmly against the tubulär pieces. 
Diagonal pieces of a suitable form are placed between the ribs to 
give them the requisite degfee of stifFness. 

In the bridges constructed by Mr. Polonceau according to this 
plan, he supports the longitudinal beams of the roadway by cast 
iron rings which are fastened to the ribs and to each other, and 
bear a chair of a suitable form to receive the beams. 

533. Iron roof Trasses, Frames of iron for roofs have been 
made either entirely of wrought iron, or of a combination of 
wrought and cast iron, or of these two last materiais combined 
with timber. The combinations for the trusses of roofs of iron 
are in all respects the same as in those for timber trusses. The 
parts of the truss subjected to a cross strain, or to one of com- 




Fig. 98— Represents the half of a troas for the same bnUding composed of wrought and 

cast iron. 
a, a, feattiered struts of cast iron. 
6, 6, Suspension bara in paiis. 
m, n, tie and straining Imib. 
e, e and/,/, cross sections of beams lesting in the cast iron ■odrets connected with the 

tufpenaian ban. 
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pression, are arranged to give the most suitiäble forms for strength» 
and to adapt them tö the object in view. The parts subjected to 
a strain of extension, as the tie-beam and king and queen posts, 
are made either of wrought Sron or of timber, as may be found 
best adapted to the particular end proposed. The joints are in 
some cases airanged by inserting tne ends of the beams, or bars, 
in cast iron sockets, or shoes of a suitable form ; in others the 
beams are united by joints airanged like those for timber firames, 
the joints in all cases being secured by wrought iron bolts and 
keys. (Figs. 97, 98, and 99.) 




Fig. M— Rennsenti the ar- 
m^pemenn of the parts at 
the loint e in Fig. 98. 

A, aiae view of the piecee 
and Joint 

o, principal niter of the cran 
sectionB. 

ft, common rafter of the ciOM 
sectionC. 

c, croBB aection of pnriins and 
Joint for faatening the oom- 
mon raften to the puriins. 

4^ caat inm aocket airanged 
to oonfine the pieces a, h^ 
e. e. 



534. Flexible Supports for Frames. Chains and ropes may 
frequently be substituted with advantage for rigid materials, as 
intermediate points of support for frames, forming Systems of 
Suspension in which the parts supported are suspended from the 
flexible Supports, or eise rest upon them either directly, or through 
the intermedium of rigid beams. 

535. All Systems of Suspension are based upon the property 
which the catenary curve in a State of equiUbrium possesses 
of Converting vertical pressures upon it into tensions m the di- 
rection of the curve. These Systems therefore ofFer the advan- 
tages of presenting the materials of which they are composed 
in the best manner for calUng into action the greatest amount 
of resistance of which they are capable, and of allowing the 
dimensions of the parts to be adapted to the strain thrown upon 
them more accurately than can be done in rigid Systems ; thus 
avoiding much of the unproductive weight necessarily intro- 
duced into structures of stone, wood, and cast iron. They offer 
also the farther advantages that in their construction the parts of 
which they are Composed can be readily adjusted, put together. 
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and taken apart for repairs. They present the disadvantages of 
changing both their form and dimensions from the action of the 
weather and variations of temperature, and of being liable to 
grave accidents from undulations and vertical vibrations caused 
by high winds, or moveable loads They require, therefore, that 
the fixed points of support of the System should be yery firm 
and durable, and that constant attention should be given to keep 
the System in a thorough State of repair. 

536. A chain or rope, when fastened at each extremity to fixed 
points of support, will, from the action of eravity, assume the form 
of a catenary in a State of equilibrium, Whether the two extremi- 
ties be on the same, or different levels. The relative height of 
the fixed supports may therefore be made to conform to the 
locality. . 

537. The ratio of the yersed sine of the arc to its chord, or 
span, will also depend, for the most part, on local circumstances 
and the object of the suspended structure. The wider the span, 
or chord, K)r the same versed sine, the greater will be the tension 
alonff the curve, and the more strength will therefore be required 
in au the parts. The reverse will obtain for an increase of versed 
sine for the same span ; but there will be an increase in the length 
of the curve, 

538. The chains may either be attached at the extremities of 
the curve to the fixed supports, or piers ; or the]^ may rbst upon 
them, (Fig. 100, 101,) oeing fixed into anchoring masses, or 




Fig. 100— 'Repirefleiits a chain areh abcde, resting upon two piera/./and anchond at 
the pointi a and e, from which a horizontar beaxn mn ia suspended by Tertical 
Chams, or lods. 

6 




Fig. 101— ReprosentB the manner in which the System may be arranged when a single 
pier 18 plaoed between the extreme points of the bearing. 

abutments, at some distance beyond the piers. Local cir- 
cumstances will determine which of the two methods will be 
the more suitable. The latter is generally adopted, particularly 
if the piers require to be high, since the strain upon them from 
the tension might, from the leverage, cause rupture in the pier 
near the bottom, and because, moreover, it remedies in some de- 
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gree the inconveniences arising from variatioDS of tension caused 
either by a moveable load, or changes of temperature. Piers of 
wood, or of cast iron moveable around a Joint at their base, have 
been used instead of fixed piers, with the object of remedying the 
same inconveniences. 

539. When the chains pass over the piers and are anchored at 
some distance beyond them, they may either rest upon saddle 
pieces of cast iron, or upon puUeys placed on the piers. 

540. The position of the ancnoring points will depend upon 
local circumstances. The two branches of the chain may either 
make equal angles with the axis of the pier, thus assuming the 
same curvature on each side of it, or eise the extremity oi the 
chain may be anchored at a point nearer to the base of the pier. 
In the former case the resultant of the tensions and weights will 
be vertical and in the direction of the axis of the pier, in tne latter 
it will be obUque to the axis, and should pass so far within the 
base that the material will be secure from crushing. 

541. The anchoring points are usually masses of masonry of 
& suitable form to resist the strain to which they are subjected. 
They may be pFaced either above or below the surface of the 
ground, as the locality may demand. The kind of resistance 
offered by them to the tension on the chain will depend upon 
the position of the chain. If the two branches of the chain make 
equal angles with the axis öf the pier, the resistance offered by 
the abutments will mainly depend upon the strength of the ma- 
terial of which they are tormed. If the branches of the chain 
make unequal angles with the axis of the pier, the brauch fixed 
to the ancnoring mass is usually deflected in a vertical direction, 
and so secured that the weight of the abutment may act in resist- 
ing the tension on the chain. In this plan fixed pulleys placed 
on very firm supports will be required at the point of denection 
of the chain to resist the pressure arising from the tension at 
these points. 

Whenever it is practicable the abutment and pier should be suit- 
ably connected to increase the resistance offered by the fonner. 

The connection between the chains and abutments should be 
so arranged that the parts can be readily examined. The chains 
at these points are sometimes imbedded in a paste of fat lime to 
preserve them from oxidation. 

542. The chains may be placed either above or below the 
structure to be supported. The former gives a System of more 
stability than the latter, owing to the position of the centre of 
gravity, but it usually requires high piers, and the chains cannot 
generaUy be so well arranged as in tne latter to subserve the re- 
quired purposes. The curves may consist of one or more chains. 
Several are usually preferred to a Single one, as for the same 
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amount of metal they offer more resistance, can be more accu- 
rately manufactured, are less liable to accidents, and can be more 
easily put up and replaced than a Single chain. . The chains of 
the cunre may be placed either side by side, or above each other, 
accordinj? to circumstances. 

543. The curves may be formed either of chains, of wire 
cables, or of bands of hoop iron. Each of these mediods has 
found its respective advocates among engineers. Those who 
prefer wire cables to chains urge that the latter are more liable 
to accidents than the former, that their strength is less uniform 
and less in proportion to their weight than that of wire cables, 
that iron bars are more liable to contain concealed defects than 
wire, that the proofs to which chains are subjected may increase 
without, in all cases, exposing these defects, and that the con- 
struction and putting npof chains is more expensive and difficult 
than for wire cables. The opponents of wire cables State that 
they are open to the same oDJections as those urged agaiiist 
chfliins, that they offer a greater amount of surface to oxidation 
than the same volume of bar iron would, and that no precaution 
can prevent the moisture from penetrating into a wire cable and 
causmg rapid oxidation. 

That in this, as in all like discussions, an exaggerated degree 
of importance should have been attached to the objections urged 
on each side was but natural. Experience, however, derived 
from existing works^ has shown that each method may be ap- 
plied with safety to structures of the boldest character, and that 
wherever failures have been met with in either method, they were 
attributable to those faults of workmanship, or to defects in the 
material used, which can hardly be anticipated and ayoided in any 
noyel application of a like character. Time alone can definitively 
decide upon the comparative merits of the two methods, and how 
far either of them may be used with advantage in the place of 
structures of more rigid materials. 

544. The chains of the curves may be formed of either round, 
Square, or flat bars. Chains of flat bars have been most generally 
used. These are formed in long links which are connected by 
short plates and bolts. Each link consists of several bars of the 
same length, each of which is perforated with a hole at each end 
to receive the connecting bolts. The bars of each link are placed 
side by side, and the links are connected by the plates which 
form a short link, and the bolts. 

The links of the portions of the chain which rest upon the 
piers may either be bent, or eise be made shorter than the others 
to accommodate the chain to the curved form of the surface on 
which it rests. 

545. The yertical Suspension bais may be either of round or 
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Square bars. They are usudly made with one or more aiticula- 
tions, to admit of their yielding with less strain to the bar to any 
motion of vibratipn, or of osciUation. They may be suspended 
from the connecting bolts of the links, but the preferable method 
is to attach them to a suitable saddle piece which is fitted to the 
top of the chain and thus distributes the strain upon the bar 
more uniformly over the bolts and links. The lower end of the 
bar is suitably arranged to connect it with the part suspended 
firom it. 

546. The wire cables used for curves are composed of wires 
laid side by side, which are brought to a cyCndncal shape and 
confined by a spiral wrapping of wire. To form the cable 
several equal sized ropes, or yams, are first made. This may 
be done by cutting all the wires of the length required for the 
yam, or by uniting end to end the requisite number of wires for 
the yam, and then winding them around two pieces of wrought 
or Ol ca^t iron, of a horse-shoe shape, with a suitable gorge to re- 
ceive the wires, which are placed as far asunder as the required 
lenffth of the yam. The yam is firmly attached at its two ends 
to the iron pieces, or cruppers, and the wires are temporarily con- 
fined at intermediate points by a spiral lashing of wire. Whichever 
of the two methods be adopted, great care must be taken to give 
to GYerj wire of the yam the same degree of tension by a suitable 
mechanism. The cable is completed after the yams are placed 
upon the piers and secured to the anchoring ropes or chains ; for 
this purpose the temporary lashings of the yams are undone, and 
all the yams are united and brought to a cylindrical shape and 
secured throughout the extent of the cable, to within a short dis- 
tance of each pier, by a continuous spiral lashing of wire. 

The part of the cable which rests upon the pier is not bound 
with wire, but is spread over the saddle piece with a uniform 
thickness. 

547. The Suspension ropes are formed in the same way as the 
cables ; they are usually arranged with a loop at each end, formed 
around an iron crupper, to connect them with the cables, to which 
they are attached, and to the parts of the stmcture suspended 
from them by suitable saddle pieces. 

548. To secure the cables from oxidation the iron wires are 
coated with vamish before they are made into yams, and after 
the cables are completed they are either coated with the usual 
paints for securing iron from the effects of moisture, or eise 
corered with some impermeable material. 

549. Experiments on the Strength of Frames, Experimental 
researches on this point have been mostly restricted to those 
made with modeis on a comparatively small scale, owing to the 
expense and difficulty attendant üpon experiments on frames 



FlUMING. 



201 



haying the form and dimensions of those employed in ordinaiy 
structures. 

Among the most remarkable experiments on« large scale are 
those made by order of the French govemment at Lorient, under 
the direction of M. Riebeil, the superintending engineer of the 
port, and published in the Annales Maritimes et Coloniales, Feb. 
and Nov., 1837. 

The experiments were made by first setting up the firame to 
be tried, and, after it had settled under the action of its own 
weight, suspending from the back of it, by ropes placed*at equal 
intervals apart, equal weights to represent a load uniformly dis- 
tributed over the oack of the frame. 

The results contained in the foUowing table are from Experi- 
ments on a truss (Fig. 102) for the roof of a ship shed. The 
tniss consisted of two rafters and a tie beam, with Suspension 

Fig. 102. 




pieces in paifs, and diagonal iron bolts which 
cause it was necessary to scarf the tie beam. 
truss was 65| feet ; the rafters had a slope of 1 
4 base. The thickness öf the beams, measured 
about 2\ inches, their depth about 18 inches. 
the settUng at each rope was ascertained by 
vertical rods, the measures being taken below 
marked 0. 
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The foUowing table gives the results of experiments made on 
firames of the usual forms of straight and curved timber for roof 
tnisses. The curved pieces were made of two thicknesses, each 
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3^ inches. The numbers in the fifth colomn giye the ratios be- 
tween the weight of the firame and that of the weight bome by 
which the elasticity was not impaired. 

Fig. 1€8. 




Fig. 104 




Fig. 106. 
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Frame fonned of two mften and a Üe beam 
Do. do. do. 

and snspenslon pleces in pairs, (Fig. 103) 
Fr&ijae of a Mgment arch confihed by a Üe 

beam, (Fig. 104) 

Do. do. do. 

with Suspension pieces in paiis, rFig. 105) 

Frame of a segment arch with ratters con- 

fined at their foot by a tie piece, (Fig. 106) 

Frame of a fiill centre arch confined by a 

tie beam 

Do. do. do. 

with Suspension pieces in pairs 
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BRIDGES, &C. 



550. Ukdbr this head will be comprised that class of stnic- 
tuies whose object is to affoid a line oi communication aboye the 
geDeral surface of a country, either by means of a roadway, or 
of a water-way, without obstnictiiig those Communications which 
lie upon the surface. 

VHien the structure Supports a roadway it is termed a vta- 
duct ; and when a water-way an aqueduct, 

If the structure is limited to affording a conmiunication over a 
water-course, it is termed a bridge when it Supports a road-way, 
and an aquedMcUbridge when it affoids a water-way. 

For the convenience of description, bridges, &c., may be clas- 
sified either from the kind of the material of which they are con- 
stnicted, as a Stone Bridge^ a Wooden Bridge^ icc^ or from 
the character of the structure, as a Permanent Bridge^ a Draw- 
Bridge, &c. 

STONE BRIDGES. 

551. A stone bridge consists of a roadway which rests upon 
one or more arches, usually of a cylindrical form, the abutments 
and piers of the arches being of sumcient height and strength to 
secure them and the roadway firom the effects of any extraor* 
dinary rise in the water-course. 

552. Locality. The point where a bridge may be required, 
as well as the direction of the axis^ or centre line of the roadway 
over the bridge, usually depends upon the position of a line of 
conununication which traverses the water-course, and of which 
the bridge is a necessaiy Unk. When, however, Üie engineer is 
not restricted in the choice of a suitable locality by this condition, 
he should endeavor to select one where the soil of the bed will 
afford a firm support for the foundations of the structure ; where 
the approaches, or avenues leading firom the banks of the water- 
course to the bridge can be easily made, not requinng high em- 
bankments or deep excavations ; and one where the regimen of the 
water-course is unifoim and not likely to be changed in any hurt- 
ful degree by elbows, or other variations in the water-way near 
the bridge, or by the obstruction which the foundations, &c., of 
the structure may offer to the firee discharge of the water. 

To avoid the (ufiiculties which the construction of askew arches 
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presents, the axis of the bridge should be perpendicular to the 
direclion of the thread of the current, since, for the security of the 
foundations, the faces of the piers and abutments of the arches 
must be placed parallel to the thread of the current. 

553. Survey. With whatever considerations the locality may 
have been selected, a careful survey must be made not only of 
it, but also of the water-course and its environs for some distance 
aboye and below the point which the bridge will occupy, to en- 
able the engineer to jud^e of the probable effects wnich the 
bridge when erected may nave upon the natural regimen of the 
water-course. 

The object of the survey will be to ascertain thoroughly the 
natural features of the surface, the nature of the subsoil of the 
bed and banks of the water-course, and the character of the 
water-course at its different phases of high and low water, and 
of freshets. This information will be embodied in a topographi- 
cal map ; in cross and longitudinal sections of the water-course 
and the substrata of its bed and banks, as ascertained by sound- 
ings and borin^s ; and in a descriptive memoir which, besides the 
usual State of the water-course, should exhibit an account of 
its changes, occasioned either by permanent or by accidental 
causes, as from the effects of extraordinary freshets, or from 
the construction of bridges, dams, and other artificicd changes 
either in the bed or banks. 

554. Having obtained a thorough knowledge both of the posi- 
tion to be occupied by the bridge and its environs, the two most 
essential points which will next demand the consideration of the 
engineer will be, in the fii:st place, so to adapt his proposed struc- 
ture to the locality, that a sufficient water-way shall be left both for 
navigable purposes and for the free discharge of the water accu- 
mulated durin^ high freshets ; and, in the second, to adopt such 
a System of feundations as will be most likely to ensure the 
safety of the structure when exposed to this cause of danger. 

555. Water-^way, When the natural water-way of a river is 
obstructed by any artificial means, the contraction, if consider- 
able, will cause the water, above the point where the obstruction 
is placed, to rise higher than the level of that below it, and pro- 
duce a fall, with an increased velocity due to it, in the current 
between the two levels. These causes, during heavy freshets, 
may be productive of serious injury to agriculture, from the over- 
flowing of the banks of the water-course ; — ^may endanger, if not 
entirely suspend navigation during the seasons of freshets ; — and 
expose any structure which, like a bridge, forms the obstruction 
to ruin, from the increased action of tne current upon the soil 
around its foundations. If, on the contrary, the natural water- 
way is enlarged at the point where the structure is placed, with 
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the Yxevf of preventing these consequences, the velocity of the 
current, during the ordinary stages of the water, will be de- 
creased, and this will occasion deposites to be formed at the 
point, which, by gradually filling up the bed, might, on a sudden 
rise of the water, prove a more serious obstruction than the struc- 
ture itself ; particularly if the main body of the water should hap- 
pen to be diyerted by the deposite firom its ordinary Channels, and 
form new ones of greater depth around the foundations of the 
structure. 

The water*way left by the structure should, for the reasons 
above, be so regulated that no considerable change shall be occa- 
sioned in the velocity of the current through it during the most 
unfavorable stages of the water. 

556. For the purpose of deciding upon the most suitable ve- 
locity for the current through the contracted water-way formed 
by the structure, the velocity of the current and its effects upon 
the soil of the banks and bed of the natural water-way should be 
carefidly noted at those seasons when the water is highest ; se- 
lecting, in preference, for these observations, those points above 
and below the one which the bridge is to pccupy, where the 
natural water-way is most contracted. 

557. The velocity of the current at any point may be ascer- 
tained by the simple process of allowing a light ball, or float of 
some material, like white was, or camphor, whose specific grav- 
ity is somewhat less than that of water, to be carried along by 
the current of the middle thread of the water-course, and noting 
the time of its passage between two fixed stations. 

558. From the velocity at the surface, ascertained in this 
way, the average, or mean velocity of the water, which flows 
through any cross-section of the water-way between the stations 
where the observations are taken, may be found, by taking four 
fifths of the velocity at the surface. 

Having the mean velocity of the natural water-way, that of 
the artificial water-way will be oblained from the foUowing ex- 
pression, 

s 
v=m — V, 
s 

in which s and v represent, respectively, the area and mean 
velocity of the artificial water-way ; s and v, the same data of 
the natural water-way; and m a constant quantity, which, as 
determined from various experiments, may be represented by the 
mixed number 1,097. 

With regard to the efFect of the increased velocity on the bed, 
there* are no experiments which directly apply to the cases usually 
met with. The foUowing table is drawn up from experiments 
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made in a confiiied Channel, the bottom and sides of the Channel 
being formed of rough boards. 



Stages of accnmn- 
lationtenned 


Velocity of 
river in feet 
per second. 


Natura of the bottom whlch Just bean 
such velodtiei. 


Specific gravi- 
tyof thema- 
teiial. 


Ordlmtry floods . 

Unifonn tenon . 

GUding . . . 
Dali .... 


$3.3 

{3.17 
C1.07 
<0.62 
(0.71 
0351 
0.36 


Angnlar stones, the size of a hen*8 egg 
Ronnded pebbles, one ineh in dlameter 
Gmvel of the size of garden beaas . . 

Gravelofthe sizeof peas 

Coarse yellow sand 

Sandf fhe grains the sixe of aniseeds 
Brown potter's clay 


3.25 

2.614 

3.545 

3.545 

836 

3.545 

3.64 



559. Bays, With the data now before him, the enffineer can 
proceed to the arrangement of the fonns and details of the various 
parts of the proposed structure. 

The first point to be considered under this head will be the 
number of hays, or intervals into which the natural water-way 
must be divided, and the forms and dimensions of the arches 
which span the bays. 

As a general nile, there should be an odd number of bays, 
whenever the width of the water-way is too great to be spanned 
by a Single arch. Local circumstances may require a departure 
from this canon ; but, when departed from, it will be at the cost 
of architectural eflFect ; since no secondary feature can occupy 
the central point in any architectural composition without impair-» 
ing the beauty of the structure to the eye ; and as the arches are 
the main features of a stone bridgQ, the central point ought to be 
occupied by one of them. 

The width of the bays will depend mainly upon the character 
of the current, the nature of the soil upon which the foundations 
rest, and the kind of material that can be bbtamed for the ma- 
sonry. 

For streams with a gentle current, which are not subject to 
heavy freshets, narrow bays, or those of a medium size may be 
adopted, because, even a considerable diminution of the natural 
water-way will not greatly affect the velocity under the bridge, 
and the foundations therefore will not be liable to be undermined. 
The difficulty, moreover, of laying the foundations in streams of 
this character is generally inconsiderable. For streams with a 
rapid current, aiid which are moreover subject to great fireshets, 
wide bays will be most suitable, in order, by procuring a wide 
water-way, to diminish the danger to the points of support, in 
placing as few in the stream as practicable. 

If materials of the best quality can be procured for the struc- 
ture, wide bays with bold arches can be adopted with safety ; 
but, if the materials are of an inferior quality, it will be most 
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prudent to adopt bays of a small, or medium space, and a strong 
tonn of arch. 

560. Arches, Cylindrical arches with any of the usual forms 
of curve of intrados may be used for bridges. The selection will 
be restricted by the width of the bay, the highest water-level 
during fireshets, the approaches to the bridge, and the architec- 
tural effect which may be produced by the structure, as it is more 
or less exposed to view at the intermediate stages between high 
and low water; 

Oval and segment arches are mostly preföired to the füll cen- 
tre arch, particularly for medium and wide bays, for the reasons 
that, for the same level of roadway, they aiford a more ample 
water-way under them, and their neads and spandrels offer a 
smaller surface to the pressure of the water dunng freshets than 
the füll centre arch under like circumstances. 

The füll centre arch, from the intrinsic beauty of its form, the 
simplicity of its construction, and its strength, should be preferred 
to any other arch for bridges over water-courses of a imifonnly 
moderate current, and wmch are not subjected to cousiderable 
changes in their water-levels, particularly when its adoption does 
not demand expensive embankments for the approaches. 

If the bays spanned by the arches are of the same width, the 
curves of all the arches must be identical. If the bays are of 
unequal width, the widest should occupy the centre of the struc- 
ture, and those on each side of the centre should either be of 
equal width, or eise decrease uniformly from the centre to each 
extremity of the bridge. In this case the curves of the arches 
should be similar, and have their springing Unes on the same 
level throughout the bridge. 

The level of the springing hnes will depend upon the rise of 
the arches, and the height of their crowns above the water-level 
of the highest freshets. The crown of the arches should not, as 
a general rule, be less than three feet above the highest known 
water-level, in order that a passage-way may be left for floating 
bodies descending during freshets. Between this, the lowest po- 
sition of the crown, and any other, the rise should be so chosen 
that the approaches, on the one band, may not be unnecessarily 
raised, nor, on the other, the springing lines be placed so low as 
to mar the architectural effect of the structure during the ordinary 
Stades of the water. 

When the arches are of the same size, the axis of the roadway 
and the principal architectural lines which run lengthwise along 
the heads of the bridge, as the top of the parapet, the comice, 
&c., &c., will be horizontal, and the bridge, to use a common 
expression, be on a dead level throughout. This has for some 
time been a favorite feature in bridge architecture, few of the 
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more recent and celebrated bridges being without it, as it is 
thought to give a character of lightness and boldness to the struc- 
ture which is wanting in bridges built with a uniform declivity 
from ihe centre to the extreme arches. Without stopping to ex- 
amine this claim of architectural beauty for level bridges, it is 
well to State that it may be purchased at too great a cost, par- 
ticularly in localities where the relative level of the roadway and 
of the adjacent ground would demand high embankments for the 
approaches. 

561. Style of Ar chitecture, The desiffn and construction of 
a bridge slioufä be govemed bj the same general principles as 
any other architectural composition. As the object of a bridge is 
to bear heavy loads, and to withstand the efFects of one of the 
most destructive agents with which the engineer has to contend, 
the general character of its architecture shomd be that of strength. 
It should not only be secure, but to the apprehension appear so. 
It should be equally removed from Egyptian massiveness and 
Corinthian Ughtness ; while, at the same time, it should conform 
to the features of the surrounding locality, being more omate and 
carefuUy wrought in its minor details in a city', and near buildings 
of a sumptuous style, than in more obscure quarters ; and assuming 
every shade of conformity, firom that which would be in keeping 
with the humblest hamlet and tamest landscape to the boldest fea- 
tures presented by Nature and Art. Simplicity and strength are its 
natural charactenstics ; all omament of detail being rejected which 
is not of obvious Utility, and suitable to the point of view from 
which it must be seen ; as well as all attempts at boldness of gen- 
eral design which might give rise to a feeling of insecurity, how- 
ever unfounded in reaaity. The most, therefore, that can be tried 
in the way of mere omament, even under the most favorable cir- 
cumstances, will be to combine the voussoirs of tue arches with 
the horizontal courses of the spandrels in a regulär and suitable 
manner, — ^to add a projecting cbmice, with supporting members 
if necessary, of an agreeable profile, — and to give such a form to 
the ends of the piers, termed the starlings, or cut-waters, as shall 
heighten the general pleasing eflFect. The heads of the bridge, 
the comice, and the parapet should also generally present an un- 
broken outline ; this, however, may be departed from in bridges 
where it is desirable to place recesses for seats, so as not to in- 
terfere with J;he footpaths ; in which case a piain buttress may be 
built above each starling to support the recess and its seats, the 
utihty of which will be obvious, while it will give an appearance 
of additional strength when the height of the parapet above the 
starlings is at all considerable. 

562. Construction. The methods of layinff the foundations 
of stmctures of stone, &c., described under me article of Ma- 

27 
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sonry, beiiij; alike applicable to aU structores which come under 
this denomination, there only remains to be added under this head 
whatever is peculiar to bridge-building. Eiüier of the methods 
referred to may be employed in laying the foundations of the 
abutments and piers of a bhdge, which, in the judgment of the 
engineer, may be most suited to the locality, and will be least 
expensive. As the foundations and their beds of the parts in 
question are greatly exposed, from the action of the current both 
upon the seil around them and upon the materials used for their 
construction, the utmost precaution should be taken to secure 
them from damage, by giving to the foundation-bed an ample 
spread where the soU is at all yielding ; by selecting the most du- 
rable materials for the masonry of these parts ; and by employing 
some suitable means for securing the bed of the natural water- 
way around and between the piers from being removed by the 
current. 

563. Yarious expedients have been tried to effect this last ob- 
ject ; among the most simple and efficacious of which is that of 
coverüig the surface to be protected by a bed of stone broken into 
fragments of sufScient bulk to resist the velocity of the current 
in the bays, if the soil is of an ordinary clayey mud ; but, if it be 
of loose sand or gravel, the surface snould be first covered by a 
bed of tenacious clay before the stone be thrown in. The voids 
between the blocks of stone, in time, become fiUed with a deposite 
of mud, which, acting as a cement, gives to the mass a character 
of great durability. 

564. The foundation courses of the piers should be formed of 
heayy blocks of cut stone bonded in the most careful manner, 
and carried up in oflFsets. The faces of the p>iers should be of 
cut stone well bonded. They may be built either vertically, or 
with a slight batter. Their tnickness at the impost should be 
greater than what would be deemed sufficient under ordinary 
circumstances ; as they are exposed to the destructive action of 
the current, and of shocks from heavy floating bodies ; and from 
the loss of weight of the parts immersed, owing to the buoyant 
effoit of the water, their resistance is dfecreased. The most suc- 
cessful brid^e architects have adopted the practice of making the 
thickness of the piers at the impost between one sixtli and one 
eighth of the span of the arch. The thickness of the piers of the 
bridge of Neuilly, near Paris, built by the celebrated Perronet, 
whose works form an epoch in modern bridge architecture, is 
only one ninth of the span, its arches also being remarkable for 
the boldness of their curve. 

565. The usual practice is to give to all the piers the same 
proportional thickness. It has however been recommended by 
some engineers to give sufficient thickness to a few of the piers 
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to iß&&ist the horizontal thrust of the arches ob ekher side of them, 
aad thus aecure a part of the structure from min, should an acci-' 
dent happen to any of the other piers. These masses, to which 
the name abutment piers has been applied, would be objection- 
able from the diminution of the natural water-way that would be 
caused by their bulk, and from the additional cost for their con- 
struction, besides impairing the architectural effect of the struc- 
ture. They present the advantage, in addition to tlieir main 
object, of permitting thje bridge to be constructed by sections, 
and thus procure an economy in the cost of the wooden centres 
for the arches. 

666. The projection of the starlings beyond the heads of the 
bridge, theh: form, and the height given to them above the spring- 
ing lines, will depend upon local circumstances. As the mam 
objects of the starlings are to form Sif ender, or guard to secure 
the masonry of the spandrels, &c., from being damaged by float- 
ing bodies, and to serve as a cut-water to tum the current aside, 
and prevent the formation of whirls, and their action on the bed 
around the foundations, the form given to them should subserve 
both these purposes. Of the different forms of horizontal section 
which have been given to starlings, (Figs. 107, 108, 109, 110,) 



Fig. 107. 



Fig. 106. 




Fig. 109. 



Fig. 110. 



B 





FigB. 107, 108, and 110— Rep- 
resent hprizontal sections 
of starlings A of the more 
usual fonns, and part of 
the pier B above the foun- 
dation courses. Fig. 109 
represents the plan of the 
hcKxl of a starfing laid in 
courses. the general shape 
being that of the quarter 
of a sphere. 



the semi-ellipse, from experiments carefuUy made, with these ends 
in view, appears best to satisfy both objects. 

The up and down stream starlings, in tidal rivers not subject 
to freshets and ice, usually receive the same projections, which, 
when their plan is a semi-ellipse, must be somewhat greater than 
the semi-width of the pier. Their general vertical outline is 
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columnar, beinff either straight or swelled, (Figs. 111, 112, 113, 
114.) They äould be built as high as th6 oidinary highest 




Flg. lll—RepresentB in eleyation starlings A, their hoods B, the yonsBoira C, the span- 
drelfl IX and the oombioation of their coonea and jointa with each other in an oral 
arch of three centree. 

Eh parapet ; F, comice. 




Eig. 119~RepreaentB in eleration the combinationB of the tarne elements as iu Fig. 11 1 

for a flat segmental arch. 




Fig. 113— RepreaentB in elevation the comlnnationa of the aame elementa as in Fig. IIS, 

firom the bridge of Neuilly, an oyal of eieren centne. 
om, ciirve of intradoa. 
on, arc df drcle traced on the head of the bridge. 
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Fig. 114— RepreseDto m 
aecCion and eleTation thionsli 
the ciown of Flg. 113, ahow- 
mg the uraoffement abn of 
the roadway, toot-patha, par- 
apet, and oornice. - 



water-level. They axe finished at top with a coping stone to 
preserve the masonry from the action of rain, &c. : this stone^ 
termed the hood^ may receive a conical, a spheroidal, or any 
other shape which will subserve the object in view, and produce 
a pleasing architectural effect, in keeping with the locality. 

In streams subject to fieshets and ice, the up stream starlinj» 
should receive a greater projection than those down stream, aiul, 
moreover, be built in the form of an inclined plane (Fig. 115) 

M 



B 




N 



Fig. 115— RepnaentB a aide de- 
yation M and plan N of a pier 
of the Potomac aqnednct, ar- 
ranrnd with an ice-breuDV 
fltamng. 

A| ap-e&Bam starling, with the 
inclined ice-breaker D m^ieh 
raea from the low-water level 
above that of the higheat freab- 
ets. 

B, down-fltream stariing. 

C, face of pier. 
E, topofpier. 

F^ horizontal prqjection of top of 

loe-hreaker. 
GG. horizontal prqf ection of faoaa 

or pier and starhnga. 





to facilitate the breaking of the ice, and its passage through the 
arches. 

567. Wfaere the banks of a water-course spanned by a bridge 
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are ao steep and difficult of access that the roadway must be 
raised to the same lerel with their cresU, security iar tne founda- 
tion, and economy in the constniction demand that hollow, or 
open piers be used instead of a solid mass of raasonry. A con- 
stniction of this kind requiies great precaution. The facing 
couTses of the piers must be of heavy blocks diessed with ex- 
treme accuracy. The starhngs must be built solid. The &ceB 
must be connected by one or more cross de-walls of hejvy, well- 
bonded blocks ; the tie-walls being connected from distance to 
distance vertically by atrong de-blocks ; or, if the width of the 
pier be considerable, by a de-wall along its centre line. 

568. The foundations, the dimensions, and the form of the 
abutments of a bridge will be regulated upon the same princ^iles 
{ts the like parts c? other arched structures ; a judicious con- 
fOTmity to the character of strength demanded by the stnicture, 
and to the requirements of the locality being observed. The 
Walls wfaich at the eKtremitiea of the bridge form the con- 
tinuation of the heods, and sustaip the embaDKmenta of the ap- 
proaches, — and which, from their widening out from the general 
line of the heads, so as to fonn a gradual contraction of the 
«venue by wbich the bridge is approached, are tenned the wmg- 
walh, — serve as tirm buttresses to the abutments. In some cases 
the back of the abutment is terminated by a cylindrical arch, 
(Fig. 116,) placed oh end, or having its rignt-line elements ver- 



fig. 1 IT— Rutut Uli * b<«i- 
lil Mcticti of aasbidiiMat 
A wilh itnight winc-wilb 
B, B, tenmnated br rslam- 
walbCC. 



tical, which connects the two wing-walls. In othen (Fig. 117) 
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a rectancular-Hhaped buttress ts built back irom tbe centre Une 
of the aDutment, and is connected with the wing-walls either by 
horizontal arches, or by a vertical cross tie-wall. 

669. «The wing-walfs may be either plane surface walU (Fig. 
1 18) arranged to make a given angle with the heads of the bridge ; 
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of > poitioa of ■ dn^e steh bridge wilh i 

wiDB-walli ■ntnur — ' — ' ' 

Ihe T^ler of the w .^ 

a, a', Ace rfwing-w^. 

b, V, lade alop« « embanbmei 
«, c*, top df wing-wall. 
e, iT, fonder or giarä Mone*. 



or they may be cuired eurface-walls presenting their concaTity, 
(Fig. 126,) or iheir convexity to the exterior ; or of any other 
shape, whether piesenting a continuous, or a broken surface, that 
the locality may demand. Their dimensions and form of profile 
will be regulated like those of any other suataining wall ; and 
they receive a suitable finish at top to connect them with the 
bridge, and mäke them conform to the outline of the embank- 
menta, or other approaches. 

' 670. The arches of bridges demand great care in pröportion- 
ing the dimensions of the roussoirs, and procuring accuracy in 
their forms, as the strength of the stnicture, and the permanence 
of ita ligure, will chiefly depend upon the attention bestowed tm 
these pointa. Peculiar care should be given in arranging the 
masonry above the piers which hes between the two adjacent 
arches. In some of the more recent bridges, (Fig. 120,) this pari 
is built up solid but a short distance above the imposts, generälly 
not higher than a fourth of the rise, and is finiabed with a reversed 
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aich to give greater secuiity against the effecte of the piessure 
thrown upon it. 



A, floish of mild spajidifl] with revened arch. 



The backs of the arches should be covered with a water-dghl 
capping of beton, and a coating of asphaltum. 

571. The enljre spandrel courses of the heads are usually not 
laid until the arches have been uncentred, and have aettled, in 
Order that the joints of these couises may not be subject to any 
other cause of diaplacement than nhat may arise from the effects 
of Tariationa of temperature upon the arches. The thickness of 
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the head-walls will depend upon ihe method adopted for support- 
ing ihe roadway. If this be by a filling of eanh between the 
head-walls, then their thicknesa must be calculated not only to 
resist the pressure of the earth which they sustain, but allowance 
must also oe made foi the efTects of the sliocks of floating bodies 
in weakening the bond, and separating the blocks from their mor- 
tar-bed. The more approved methods of supporting the roadway, 
and which are now generally practised, except for very flat segment 



arches, are to lay the road materials either upon broad äagging 
stones, (Figa. 120, 121,) which rest upon tliin brick walls buitt 

Hg. 131— Repnaenti a jmSlt 
ör Fig. 130 thnugfa tha ceu- 
tre DI ths rieft wiDwinR th« 
arrangenwnl lU Ihe rosdwar 
sud iu drsinage, &/:. 

A, eectioii o( mnmmrj of pier 

b,b,SKÜooto(wailtpand\lHUt 
heul' wall, whjch Hun>or(the 
flagzing Btone «i whicb Uie 
roadway ia laid. 
e, aecCion of head-wall and bot- 

treas abora the atatUng d. 
Cj footpath, 
/ Rcsas tl» Beat* om Uta bol- 

tnaa. 
0, comice and paiapet, 
n, Tertical conduit In the pier 
cainmnnicatiDg with two 
othen ander the nwdwaj 
ftom th« mde channela. 



parallel to the head-walls, and supported by the piere and arches ; 
or by amall aiches, (Fig. 122,) for which these walls serve as 
piers; or by a System of small groined arches supported by 
pillars resting upon the piers and main arches. When either ot 
these methods is used, die head-walls may receire a mean thick- 
ness of one tifth of their height above the aolid spandrel. 

672. Superstructure. The auperBtructure of a bridge consists 
of a comice, the roadway and footpatha, &c., and a parapet. 

The object of the comice is to shelter the face of the head- 
walls from rain. To subserve this purpose, its projection beyond 
the Burface to be sheltered sbould be ttie greater as the altitude 
of the sheltered part is the more conBiderable. This rute will 
require a comice with supporting blocks, (Fig. 123,) termed mo- 
diüions, below it, whenever the projecting part would be actually, 
or might seem insecure from its weight. The height of tue 
comice, including its supports, should generally be equal to its 
projections ; this will often require more or lese of detail in the 
profile of the comice, in order that it may not appear heavy. The 
top surface of the comice should be a littte aoave that of the 
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footpath, or roadway, and be Blij^dr sloped outwatd ; the bot- 
tom «hould be arranged with a luitaDle larmier, or dr^, to pre- 
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vent the water Irom finding a passage along its under surface lo 
ihe face of the wall. 
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573. The parapet suimounta the cornice, and should be high 
enough to secure vehicles and foot-passengers from accidents, 
without however intercepting the Tiew from the bridge. The 
parapet is usually a piain low wall of cut stone, surmounted bv 
a coping shghtly rounded on its top surface. In bridges whicn 
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have a character of bghtness, like those with flat segment arches, 
the parapet may consist of altemate panels of piain wall and 
balustxaaes, provided this arrangement be otherwise in keeping 
with the locaJity. The exterior face of the parapet should not 
project beyond that of the heads. The blocks of which it is 
foimed, and particularly those of the coping, should be firmly 
secuied with copper or iron cramps. 

574. The widtn of the roadway and of the footpaths will be 
regulated by the locality ; being greatest where the thoroughfares 
connected by the bridge are most frequented. They are made 
either of broken, or of paving stone. They should be so arranged 
that the surface-water from rain shall run quickly into the side 
Channels left to receive it, and be conducted from tnence by pipes 
which lead to vertical conduits (Fig. 121) in the piers that have 
their outlets in one of the faces of the piers, and below the lowest 
water-level. 

575. Streng and durable stone, dressed with the chisel, or 
hammer, should alone be used for the masonry of bridges where 
the span of the arches exceeds fifty feet The interior of the 
piers, and the backing of the abutments and head-walls may, for 
economy, be of good nibble, provided great attention be bestowed 
upon the bond and workmanship. For medium and small spans 
a mixed masonry of dressed stone and nibble, or brick, may be 
used ; and, in some cases, brick alone. In all these cases (Figs. 
122, 124) the starlings, — ^the foundation courses, — ^the impost 
stone, — the ring courses, at least of the heads, — ^and the key- 
stone, should be of good dressed stone. The remainder may be 
of coursed nibble, or of the best brick, for the fadng, with good 
nibble or brjck for the Allings and backings. In a mixed masonry 
of this character the courses of dressed stone may project slight- 
ly beyond the surfaces of the rest of the stnicture. The archi- 
tectural effect of this arrangement is in some degree pleasing, 
fWFläcuilarly when the joints are chamfered ; and me method ii( 
obviously useful in structures of this kind, as protection is af- 
forded by it to the surfaces which, from the nature of the mate- 
rial, or tne character of the work, offer the least resistance to the 
destmctive action of floating bodies. Hydraulic mortar should 
alone be used in every part of the masonry of bridges. 

576. Approaches. The anrangement of the a{q)roadies will 
depend upon the number and direction of the avenues leading to 
the bridge, — ^the widlh of the avenues, and their position above 
or below the natural surface of the ground, — ana the locality. 
The principal points to be kept in view in their arrangement are 
to procure an easy and safe access to the bridge for vehicies, and 
not to obstruct unnecessarily the Channels, for purposes of navi* 
gation, which may be requisite under the extreme arches. 
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When the arenue to the bridge is, by an embankment, in the 
same line as its axis, and the roadway and bridge are of the same 
width, Üie head-walls of the bridge (Fig- 135) may be prolonged 
sufficiently fai to allow the foot of ihe embankment slope to fall 
within a few feet of the crest of the elope of the water-course ; 
ihia portion of the embankment slope being shaped into the foim 
of a quaiter of a cone, and reveted with dry stone or sods, to pre- 
flerve its surface from the action of rain. 

When Beveral avenues meet at a bridge, or where the width 
of the roadway of a direct arenue is greater tfaan that of the 
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bridge, the approaches are made by gradually widening the out- 
let from the bndge, until il attains the requisite width, by means of 
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wing-walls of any of the usual foims that may si(it the locality. 
The form of wii^-wall (Fig. 126) preeeDting a concave surface 
outwaid ia usuimy prefened, when Buited to the locaÜty, both 
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for its architectural efTect and ita strength. When msde of 
dressed atone it is of more difficult construction and more expen- 
aire than ihe plane surface wall. 
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In Order that die approaches may not obsthict the communicar 
tions along the banks lor the purposes of navigation, an arched 
passage-way will, in most cases, be requisite under the roadway 
of the approach and behind the abutment of die extreme arch, 
for horses, and, if necessary, vehicles. When the form of the 
arch will admit of it, as in flat segment arches, a roadway, pro- 
jecting beyond the face of the abutment, may be made under the 
arch tor the same purpose. 

577. Water-wings. To secure the natural banks near the 
bridge, and the foundations of the abutments firom the action of 
the current, a facing of dry stone, or of masonry, should be laid 
upon the slope of the banks, which should be properly prepared 
to receive it, and the foot of the facing must oe secured by 
a mass of loose stone blocks spread over the bed around it, in 
addition to which a line of square-jointed piles may be previously 
driven along the foot. When the face of the abutment projects 
beyond the natural banks, an embankment faced with stone 
should be formed connectins the face with points on the natural 
banks above and below the bridge. By this arrangement, termed 
the water-wingSf the natural water-way will be gradually con- 
tracted to conform to that left by the bridge. 

578. Enlargement of Water-way. In the füll centre and oval 
arches, when the springing lines are placod low, the spandrels 
present a considerable surface and oostruction to the current 
auring the higher stages of the water. This not only endangers 
the sSety of the bridge, by the accumulation of driit-wood and 
ice which it occasions, but, during these epochs, gives a heavy 
appearance to die structure. To remedy these defects the soliä 
angle, formed by the heads and the somt of the arch, may be 
truncated, the base of the cuneiform-shaped mass taken away 
being near the springing Hnes of the arch, and its apex near the 
crown. The form of the detached mass may be variously ar- 
ranged. In the bridge of Neuilly, which is one of the first where 
this expedient was resorted to, the surface, marked F, (Figs. 1 13, 
1 14^) left by detaching the mass in question, is warped, and lies 
between two plane curves, the one an aic of a circle no, traced 
on the head of the bridge, the other an oval moopy traced on the 
soffit of the arch. This affords a funnel-shaped water-way to 
each arch, and, during high water, gives a hght appearance to the 
structure, as the voussoirs of the head ring-course have then the 
appearance of Belonging to a flat segmentaJ arch. 

579. Centres, The framing of centres, and the arrangement 
for striking them, having been already fuUy explained imder the 
articie Framing, with illustrations taken from some of the most 
celebrated recent structures, nothing farther need be here added 
than to point out the necessity of great care both in the combi- 
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nation of the frame, and in its mechanical execution, in Qrder to 
prevent any change in the form of the arch while under constnic- 
tion. The English engineers have generally been more success- 
ful in this respect than the French. The latter, in several of 
their finest bridges, used a form of centre composed of several 
polygonal frames, with short sides, so inscribed within each other 
that the angles of the one corresponded to the middle of the sides 
of the other. The sides of each frame were united by joints, and 
the series of firames secured in their respective positions by ra- 
dial pieces, in pairs, notched upon and bolted to the frames, wlüch 
they clamped oetween them, A combination of this character 
can preserve its form only under an equable pressure distributed 
over the back of tlie exterior polygen. When applied to the or- 
dinaiy circimistances attending the construction of *an arch, it is 
founa to undergo successive changes of shape, as the voussoirs 
are laid on it ; rising first at the crown, and tnen yielding at the 
same point when the key-stone and the adjacent voussoirs are 
laid on. The English engineers have generally selected those 
combinations in which, the pressures being transmitted directly 
to fixed points of svipport, no change of form can take place in 
the centre but what arises from the contraction or elongation of 
the parts of the frame. 

580. General Remarks. The architecture of stone bridges has, 
within a somewhat recent period, been carried to a very high de- 
gree of perfection, both in design and in mechanical execution. 
France, in this respect, has given an example to the wörld, and has 
found worthy rivals in the rest of Europe, and particularly in Great 
Britain. Her territory is dotted over with innumerable fine monu- 
ments of this character, which attest her solicitude as well for the 
public welfare as for the advancement of the industrial and hberal 
arts . For her progress in this brauch of architecture, France is main- 
ly indebted to her School and her Corps of Ponts et Chaicssies ; 
institutions which, from the time of her celebrated engineer Per- 
ronet, have suppHed her with a long line of names, alike eminent 
in the sciences and arts which pertain to the profession of the 
engneer. 

England, although on some points of mechanical skill pertain- 
ing to the engineer's art the superior of France, holds the second 
rank to her in the science of her engineers. Without establish- 
ments for professional training corresponding to those of France, 
the Englisn engineers, as a body, have, until within a few years, 
labored under the disadvantage of having none of those institu 
tions which, by creating a conamon bond of union, serve not only 
to diflfuse science throughout the whole body, but to raise merit 
to its proper level, and frown down alike, Üirough an enlightened 
esprit de corps, the assumptions of ignorant pretension, and the 
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malevolence of petty jealousies. Although, as a body, less ad- 
vantageously placed, in these respects, than their more thorough- 
bred brethren of France, the engineers of England can point, 
with a just feelin^ of pride, not only to the monuments of their 
skill, but to individual names among them which, achieved iinder 
the peculiar obstacles ever attendant upon self-education, yet 
stand in the first rank of those by whose genius the industrial arts 
have been advanced and ennobled. 

The other European States have also contributed largely to 
bridge architecture, although their efforts in this Une are less 
widely known through their publications than those of France 
and England. Among the many bridses belonging to Italy, may 
be justly cited the far-famed JßtaZto; tne bridge of Santa Trinita 
at Florence, the curve of whose intrados was so long a mathe- 
matical puzzle ; and the recent single arch over the Bora Riparia 
near Turin. 

In the United States, the pressing immediate wants of a young 
people, who are still without that accumulated capital by which 
alone great and lasting public monuments can be raised, have pre- 
vented much being done, in bridge building, except of a temporary 
character. The bridges, viaducts, and aoueducts of stone in cur 
country, almost without an exception, have been built of rustic work 
througn economical considerations. The selection of this kind of 
masonry, independently of its cheapness, has the merit of appro- 
priateness, when taken in connection with the natural features of 
the localities where most of these structures are placed. Among 
the works of this class, may be cited the railroad bridge, called the 
Thomas Viaduct, over the Patapsco, on the line of the Baltimore 
and Washington railroad, designed and built by Mr. B. H. Latrobe, 
the engineer of the road. This is one of the few existing bridge 
structures with a curved axis. The engineer has very happUy 
met the double diflSculty before him, of beinc obliged to adopt a 
curved axis, and of the want of workmen sumciently conversant 
with the application of working drawings of a rather compli- 
cated character, by placing füll centre cylindrical arches upon 
piers with a trapezoidal horizontal section. This structure, with 
the exception of some minor details in rather questionable taste, 
as the slight iron parapet railinff, for example, presents an impo- 
sing aspect, and aoes great credit to the intelligence and skill of 
the engineer, at the time of its construction, but recently launched 
in a new career. The fine single arch, known as the Carrolton 
Viaducty on the Baltimore and Ohio railroad, is also highly credit- 
able to the science and skill of the engineer and mechanics under 
whom it was raised. One of the largest bridges of the United 
States, designed and partly executed in stone, is the Potomac 
Aqueduct at Georgetown, where the Chesapeake and Ohio canal 
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intersects the Potomac river. This work, to which a wooden 
superstructure has been made, was built under the superintend- 
ence of Captain Turnbull of the U. S. Topographical Engineers. 
In the pubiished narrative of the progress of this work, a very füll 
account is given of all the Operations, in which, while the re- 
sources and skill of the engineer, in a very difficult and, to him, 
untried application of his art, are left to be gathered by the reader 
firom the successful termination of the undertaking, his failures 
are stated with a candor alike creditable to the man, and worthy 
of imitation by every engineer who prizes the advancement of his 
art above that personal reputation which a less truthful course 
may place in prospect before him. 

581 . The following table contains a sununary of the principal 
details of some of the more noted stone bridges of Europe. 
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(Al) This fine structure, designed and built by the celebrated 
Perronet, forms an epoch in bridge architecture, firom the bold- 
ness of its design, its skilful mechanical execution, and the simple 
but appropriate character of its architectural details. The curve 
of the intrados is an oval of eleven centres, the radius of the are 
at the spring being 20.9 feet, and that of the are at the crown 
159.1 feet. The engineer conceived the idea of giving to the 
soffit a funnel shape, by widening it at the heads, from the crown 
to tlie sprinffing line. This he effected by connecting the soffit 
of each arcn and the heads by a warped surface, which passed, 
on the one band, throügh a flat circular are, described upon the 
heads through the points of the crown and die top of the two ad- 
jacent starlings, and, on the other, through two curves on the 
soffit, cut out by two vertical planes, oblique to the axis, passed 
through the highest point of the curve on the heads, and throuffh 
points on the two respective springing lines of the arch. The db» 
ject of this arranffement was twofold ; first, — as the springing lines 
were placed at the low-water level, the bridge, during the seasons 

29 
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of high water, woiüd have appeared rather heavy, as the greater 
part of the soffit, at this periody would have been under water, — 
it gave the bridge a lighter appearance durinc the epochs of high 
water ; and, second, as the obstruction to the free flow of ue 
*i^ater from the spandrels would be very considerable at the same 
periodsy the fiinnel form giyen to the soffit at the heads partially 
remedied this inconvenience. 

The axis of the roadway, the comice, and all the correspond- 
ing architectural lines were made horizontal, a feature in bridge 
architecture which the reputation of Perronet has since rendered 
classical ; and to obtain which points truly essential conditions 
have in some more recent structures been sacrificed. 

The abutments are 32 feet thick at the springing lines, and the 

piers but 13.8 feet at the same point, giving an example of judi- 

' cious boldness combined with adequate strength, on scientific 

principles, which had been partially lost sight of by preceding en- 

gineers in designing this part of bridges. 

The centres of the Neuilly bridge were designed upon the 
faulty prüiciple of concentric polygonal frames. Perronet was 
aware of the inconveniences of tnis combination, and in no part 
of the construction of the bridge than in this was more sagacious 
forethought displayed by him, in providing for foreseen contingen- 
cies, nor greater resources and skill in remedying those which 
could not have been anticipated. An oversight, rather more 
serious in its consequences, was committed in widening the natu- 
ral water-way of the river where the bridge was erected ; the 
effect of this has been a gradual deposition near the bridge, and 
an obstruction of the navigable channeis. 

The bridge of Neuilly is a noble monument of the genius and 
practical skill of its engineer. The style of its architecture, both 
as a whole and in its several parts, is imposing and in the best 
taste. 

(B) This bridge was built after the designs of Perronet. Se- 
duced by a thorough knowledge of the capabilities of his art, the 
engineer was led, in planning this structure, into the error of 
sacrificing apparent strength, for the purpose of producing great 
boldness and lightness of design. This he efFected by placing 
very flat segment arches upon piers formed of four coluums ; the 
two, forming the starlings, being united to the two adjacent by a 
connecting wall, an interval being left between the two centre 
columns. The diameters of the columns are 9.6 feet, with the 
same interval between thera. 

The engineer who constructed tlie bridge, apprehensive appa- 
rently for its safety, introduced into the courses of the piers and 
of the arches a large quantity of iron ties and cramping pieces, a 
measure of orecaution which, if necessary, ought to have con- 
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demned the original designs, although supported by the high 
authority of Perronet, and caused others to be substituted for 
them. 

(C) This bridge, now designated as the Pont de VEcole Mili- 
tairey from its locality, and the bridge of Rouen, are built upon 
nearly the same designs. The foimer is a model of architectural 
taste and of skilful workmanship. Its horizontal architectural 
lines, its fine comice, copied from that of the temple of Mars the 
Avenger, and the sculptured wreath on its spandrels, form a 
whole of Singular beauty. 

(D) This bridge, designated when first built as the Strand 
Bridge, is worthy of the great metropolis in which it is placed. 
The engineer, influenced perhaps by other examples of the same 
character in the vicinity of this structure, has placed small col- 
umns upon the starUngs, which support recesses with seats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
prived the bridge of that imposing character which its massive- 
ness, and the excellent material of which it is built, could not 
otherwise have failed to produce. 

(E) This fine elliptical arch is, in some respects, built in imi- 
tation of the Neüilly bridge, with a funnel-shaped soffit. Its gen- 
eral architectural enect is heavy, and its mere omamental parts 
are in questionable taste. The details of its construction are 
alike monuments of the eminent professional skill, and of the 
truthfulness of character of the great engineer whoplanned and 
superintended it. In his narrative of the work, Mr. Telford takes 
blame to himself for oversights andunanticipated results, in which 
the scrupulous care that he conscientiously brought to every un- 
dertaking committed to him is unwittingly thrown into bolder 
relief, by the very confession of his failures ; and a lesson of in- 
struction is conveyed, more pregnant with important consequences 
to the advancement of his pröfession than the recording of hun- 
dreds of successfiil instances only could have fumished. 

(F) This noble work of Sir John Rennie must ever rank among 
the master-pieces of bridge architecture, in every point by which 
this class of structures should be distinguished. For boldness, 
strength, simplicity, massiveness without heaviness, and a happy 
adaptation of design to the locahty, it Stands unrivalled. The 
beauty which is generally recognised in a level bridge has, in 
this, been judiciously sacrificed to a well-judged economy ; and 
the artificial approaches have thus been accommodated to the 
existing, by decreasing the dimensions of the arches from the 
centre to the two extremities. The Square piain buttresses, 
which rise above the starlings and support the recesses for seats, 
are of farther obvious Utility in strengthening the head-walls, 
which, at these points, are of considerable height ; and they also 



228 BRIDGES, ETC. 

produce, in this case, a not unpleasing architectural effect, in 
separating the unequal arches, without impairing the unity of the 
general design. 

(G) This is the boldest single arch of stone now Standing, and 
is a splendid ezample of architectural desisn and skilfiil workman- 
ship. The soffit oi the arch is made slightly funnel-shaped, which 
gives the bridge an air of almost too great boldness. Tne comice, 
which is copieid from the same model as that of the bridge of 
Jena ; the convex cylindrical-shaped wing-walls, which giye an 
approach of 144 feet between the parapets ; with the other archi- 
tectural accessories, have made this bndge a model of good taste 
for imitation under like circumstances. From the Omission of a 
usual architectural member, there is perhaps a slight feeling of 
nakedness produced on the mind of tne rigid connoisseur in art, 
on first seein^ this structure, and its beauty is in some degree 
marred by this want. 

The abutments of this bridge are 40 feet thick at the founda- 
tions, and, besides the wing-walls, are strengthened by two coun- 
terforts 20 feet long and 10 feet wide. 

(H) The span of this arch is the widest on record. For 
architectural effect this bridge presents but little to the eye that 
is commendable ; for this the engineer who superintended it is 
hardly responsible, except so far as, from professional sympathy 
and respect for a deceased member of the profession, he was led 
to adopt the designs of another. The abutments form a continua- 
tion of the arch ; and the other details of the construction through- 
out exhibit that thorough acquaintance with their art for which 
the Hartleys, father and son, are well known to the profession. 

582. The practice of bridge building is now generally the same 
throughout the civilized world. In France, the method of laying 
the foundations by caissons has, in most of their later works, been 
preferred by her engineers to that of coffer-dams ; and in the su- 
perslructure of their bridges the French engineers have generally 
mied in, between the arches and the roadway, with solid materiai. 
In some of these bridges, as in that of Bordeaux, where appre- 
hension was feit for the stability of the piling, a mixed masonry 
of stone and brick was used, and the roadway was supported by 
a System of light-groined arches of brick. Among the recent 
French bridges, presenting some interesting features in their con- 
struction, may be cited that of Souülac over the Dordogne. The 
riyer at this place having a torrent-like character, and the bed 
being of lime-stone rock with a very uneven surface, and occa- 
sional deep fissures fiUed with sand and gravel, the obstacle to 
using either the caisson, or the ordinary coffer-dam for the foun- 
dations, was very great. The engineer, M. Yicat, so well known 
by bis researches upon mortar, &c., devised, to obviate these 
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difficulties, the plan of enclosing the area of each pier by a coffer- 
work accurately fitted to the sunace of the bed, and of fillin^ this 
with beton to form a bed for the foundation courses. This he 
dffected, by first forming a frame-work of heavy timber, so ar- 
langed that thick sheeting-piles could be driven close to the bot- 
tom, between its horizontal pieces, and form a well-jointed vessel 
to contain the semi-iluid material for the bed. After this coffer- 
work was placed, the loose sand and gravel was scooped from 
the bottom, the asperities of the surface levelled, and the fissures 
were voided, and refilled with fragments of a soft stone, which it 
was found could be more compactly settled, by ramming, in the 
fissures, than a looser and rounder material like grayel. On this 
prepared surface, the bed of beton, which was firom 12 to 15 feet 
m tnickness, was gradually raised, by successive layers, to with- 
in a few feet of the low-water level, and the stone superstructure 
then laid upon it, by using an ordinary coffer-dam that rested on 
the firame-work around me bed. In this bridge, as in that of 
Bordeaux, a provisional trial-weight, greater than the permanent 
load, was laid upon the bed, before commencing the superstruc- 
ture. 

To give greater security to their foundations, the French usually 
Surround them with a mass of loose stone blocks thrown in and 
allowed to find their own bed. Where piles are used and pro- 
ject some height above the bottom, they, m some cases, use, be- 
sides the loose stone, a grating of heavy timber, which lies between 
and encloses the piling, to give it greater stiffiiess and prevent 
outward spreadinff . In streams of a torrent character, where the 
bed is liable to be wom away, or shifted, an artificial coverinff, 
or apron öf stone laid in mortar, has, in some cases, been used, 
both under the arches and above and below the bridge, as far as 
the bed seemed to require this protection. At the bridge of Bor- 
deaux loose stone was spread over the river-bed between the 
piers, and it has been found to answer perfectly the object of the 
engineer, the blocks having, in a few years, become united into a 
firm mass by the clayey sediment of the river deposited in their 
interstices. At the elegant cast-iron bridge, built over the Lary 
near Plymouth, resort was had to a similar plan for securing the 
bed, wmch is of shifting sand. The engineer, Mr. Rendel, nere 
laid, in the first place, a bed of compact clay upon the sand bed 
between the piers, and imbedded in it loose stone. This method, 
which for its economy is worthy of note, has ftilly answered the 
expectations of the engineer. 

The English engineers have greatly improved the method of 
centring, and, in their boldest arches, any settling approaching 
that which the French engineers usually counted upon, on striking 
their centres, would now be regarded as an evidence of great de- 
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fect in the design, or of very unskilfiil workmanship. They 
haye generally, in their recent bridges, supported their roadway 
either upon äat stones, resting on light walls built parallel to the 
heads, or eise upon light cylindrical arches laid upon piers having 
the same direction. In the preparation for laying the beds of their 
foundations, they have generally preferred the coffer-dam to any 
other plan, although in many localities the most expensive, on 
account of the greater faciUty and security offered by it for carry- 
ing on the work. They have not, until recently, made as exten- 
sive an appUcation of beton as the French for hydrauUc purposes, 
and, from having mostly used what is known as concreto among 
their architects, have met with some signal failures in its employ- 
ment for these purposes. 

WOODEN BRIDGES. 

^583. A wooden bridge consists of three essential parts : Ist, 
the abutments and piers which form the points of support for 
the bridge firame ; 2a, the bridge frame wnich Supports the su- 
perstructure between the piers and abutment; 3d, the super- 
structure, consisting of the roadway, parapets, roofing, &c. 

584. The abutments and piers may be either of stone, or of 
timber. Stone supports are preferable to those of timber, both 
on account of the superior durability of stone, and of its offering 
more security than frames of timber against the accidents to 
which the piers of hridges are liable firom freshets, ice, &c. 

585. The forms, dimensions, and construction of stone abut- 
ments and piers for wooden bridges will depend, like those for 
stone bridges, upon local circumstances, ana the kind of bridge- 
frame adopted. If the bridge-firame is so arranged that no lateral 
thnist is received from it by the piers, the dimensions of the latter 
should be regulated to support the weight of the bridge-frame 
and its superstructure, and to resist any action arising from acci- 
dental causes, as freshets, ice, &c. The forms and dimen- 
sions of the abutments, under the like circumstances, will be 
mainly regulated by the pressure upon them from the embank- 
ments of the approaches. 

586. If the bridge-frame is of a form that exerts a lateral 
pressure, the dimensions of the abutments andpjers must be suit- 
ably adapted to resist this action, and secure the supports from 
being overtumed. Abutment-piers may be used with advantage 
in this case, as offering more security to the structure than sim- 
ple piers, when a frame between any two supports may require 
to be taken out for repairs. The starlings should in all cases be 
carried above the line of the highest water-level, and the portion 
of the pier above this hne, which supports the roadway bearers, 
may be built with plane faces and ends. 
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587. Wooden abulments may be formed by conetnicting what 
is tenned a crib-work, which consists of large pieces of squaie 
timber laid horizantally upon each other, to lorm tbe uprif^t, or 
filoping facea of the abutment. These pieces are halved inlo each 
other at the anglea, and are otherwise firmly connected together 
by diagonal ties and iron bolts. The space enclosed by the crib- 
work, ^hich is usually built up in the maiuier just dcscribcd, only 
on three aides, is fiUed with earth carefully rammed, or with diy 
stone, as circumstances may seem to require. 

A wooden abutment of a more economical conatniction may 
be made, by partly imbedding large beams of timber placcd in a 
vertical or an inclined position, at intervals of a few feet from 
each other, and forming a facing of thick plank to sustaia the 
earth behind tlie abutment. Wooden piers may also be made 
according to either of the methods here laid down, and be fiUed 
with loose stone, to give them sufficient stability to resist tbe 
forces to which tbey may be exposed ; bat the meiLod is clumsy, 
and inferior, mider every point of view, to stone piers, or to the 
methods which are about to be explalned. 

588. The simplest amuigement of a wooden pier consists 
(Fig. 127) in driving heavy Square or round piles in a siogle 
row, placing them from two to four feet apart. These upright 
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Eieces are sawed off leyel^ and connected at top by a horizontal 
eam, tenned a cap^ which is either mortised to receive a tenon 
made in each upright, or eise is fastened to the uprights by bolts 
or pins. Other pieces, which are notched and bolted in pairs on 
the sides of the uprights, are placed in an incUned, or diagonal 
Position, to brace the whole System firmly. The several uprights 
of the pier are placed in the durection of the thread of the cuirent. 
If thouffht necessary, two horizontal beams, arranged like the 
diagonal pieces, may be added to the System just below the lowest 
water-leyel. In a pier of this kind, the place of the starlings is 
supplied by two inclined beams on the same line with the up- 
rights, which are tßimed fender4>eafns. 

589. A streng objection to the System just described, arises 
firom the difficulty of replacing the uprights when in a State 
of decay. To remedy this defect, it has been proposed to drive 
large piles in the positions to be occupied by the uprights, (Fig. 
128,) to connect tnese piles below the low-water level by four 
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horizontal beams, firmly fastened to the heads of the piles, 
which are sawed off at a proper height to receive the horizontal 
beams. The two top beams nave large Square mortises to re- 
ceive the ends of the uprights, which rest on those of the piles. 
The rest of the System may be constructed as in the former case. 
By this arrangement the uprights, when decayed, can be readily 
replaced, and thev rest on a sohd substructure not subject to de- 
cay ; shorter timoer also can be used for the piers than when the 
uprights are driven into the bed of the stream. 

590. In deep water, and especially in a rapid curr^nt, a Single 
row of piles might prove insufficient to give stability to the up- 
rights ; and it nas therefore been proposed to give a sufficient 
spread to the substructure to admit of bracing the uprights by struts 
on the two sides. To effect this, ihree piles (Fig. 129) should 
be driven for each upright ; one juat under its position, and the 
other two on each side of Üiis, on a line perpenmcular to that of 
the pier. The distance betweeh the three piles vrill depend on 
the inclination and length that it may be deemed necessary to 
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gire the stnits. The heads of the three pilea are sawed off lerel 
and connected by two horizontal clamping pieces below the low- 
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est water. A Square mortise is left in these two pieces, over the 
middle pile, to receive the uprights. The uprights ore fastened 
together at the bottom by two clamping pieces, which rest on 
those that clamp tiie heads of the pilea, and are rendered firmer 
by the two strutB. 

591. In localjties where piles cannot be driven, ihe uprights 
of the piera may be secured to the bottom by means of a grating, ■ 
arranged in a suitable manner to receive the enda of the uprights. 
The bed, on which the grating is to rest, having been suitably 
prepared, it is floated to its poaition, and sunk either before or 
after the uprights are fastened to it, as mav be found moBt con- 
venient. The grating is retained in ita place by loose stoae. 
As a farther aecurity Tor the piera, ihe uprighta may be covered 
by a aheathing of boards, and the apaces between the sheathing 
be filled in with gravel. Wooden piers may also be constructed, 
if necessary, of two parallel rowa of uprights placed a few feet 
apart, and connected by cross and diagonal ties and braces. 

592. Ab wooden piers are not of a auitable form lo reaist heavy 
shocka, ice-breakers should be placed in the stream, opposite to 
each pier, and at some distance &om it. In streams witn a gen- 
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tle current, a simple inclined beam (Fig. 180) corered with thick 
sheet iron, and supported by uprights and diagonal pieces, will 



be all that is neceasary for an ice-breaker. But in rapid curtentB 
a crib-work, haring the form of a triangulär pyramid, (Flg. 131,) 



tho up-stream edge of which is covered with iron, will be re- 
quireo, to ofFer sufficient reaistance to shocks. The crib-work 
may be fiiled in, if it be deemed advisable, with blocks of stone. 

593. The width of the bays in wooden bridges will depend oo 
the local circumstances, As a general ruie, the bays may be 
wider, and in bridge-frames of curved timber the rise less, ihan 
in stone bridges. in arrahging this point, the engineer must take 
into consideralion the fact mal wooden bridges require more fre- 
quent repairs than those of atone, arising from tlie decay of the 
material, and from the effects of shrinking and vibrations upon 
the joints of the frames, and iJiat the difGculty of replacing de- 
cayed parts, and readjuating the frame-work, increases rapidly 
with the span. 

594. Bridge-franiea may be divided into two general classes. 
To the one belong all those combinations, whether of atraight or 
of curved timber, ihat exert a lateral pressure upon the abutments 
and piera, and in which the aupeTStmcture ia generally above the 
bridge-frame. To tlie other, tlioae combinations which exert no 
lateral presaure upon the point« of support, and in which the road- 
way, &c, may be said to be suspenaed from the bridge-frame. 

595. Any of the combinations, whether of straight, or of curved 
timber, described under the head of Framing, may be used for 
bridges, according to the width of bay selected. A preference, 
within iate years, has been generally given by engineers to com- 
binations of straight timber orer curved frames, from the greater 
simplicity and facility of their construction, as well as their 
greater economy ; as curved frames require mach more iron in 
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the fonn of bolts, ties, &c., than frames of straight timber, and 
more costly mechanical contrivances for putting the parts together, 
and settinff the frame upon its supports. 

596. The number ol ribs in tne bridge-frame will depend on 
the general strenffth required by the object of the structure, and 
upon the class oiframe adopted. In the first class, in which the 
roadway is usually above the frames, any requisite number of ribs 
may be used, and they may be placed at equal intervals apart, 
or eise be so placed as to give the best support to the loads wnich 

I)ass over the bridge. In the second class, as the frame usually 
ies entirely, or projects partly above the roadway, &c., if more 
than two ribs are required, they are so arranged that one or two, 
as circumstances may demand, form each head of the bridge, and 
one or two more are placed midway between the heads, so as to 
leave a sufficient width of roadway between the centre and adja- 
cent ribs. The footpaths are usually, in this case, either placed 
between the two centre ribs, or, when there are two exterior ribs, 
between them. 

597. The mamier of constructing the ribs, and of c(»inecting 
them by cross ties and diagonal braces, is the same for bridge 
frames as for other wooden structures ; care being taken to ob- 
tain the strength and stiffness which are peculiarly requisite in 
wooden bridges, to preserve them from the causes of destructi- 
bility to which they are liable. In frames which exert a lateral 
pressure against the abutments and piers, the lowest points of 
the frame-work should be so placed as to be above the ordinary 
high-water level ; and plates of some metal should be inserted at 
those points, both of the frame and of the supports, where the 
effect of the pressure might cause injury to the woody fibre. 

598. The roadway usually consists oi a simple fiooring formed 
of cross joists, termed the roculway-bearers^ ot floor-giraers, and 
flooring-boards, upon which a road-covering either of wood, or 
stone is laid. A more common and better arrangement of the 
roadway, now in use, consists in laying longitudinal joists of 
smaller scantling upbn the .roadway-bearers, to support the 
flooring-boards. This method preserves more effectually than 
the other the roadway-bearers from moisture. Besides, in 
bridges which, from the position of the roadway, do not admit 
of vertical diagonal braces to stiffen the frame-work, the only 
means, in most cases, of effecting this object is in placing hori- 
zontal diagonal braces between each pair of roadway-bearers. 
For like reasons, stone road-coverings for wooden bridges are 
generally rejected, and one of plank used, which, for a horse- 
track, should be of two thicknesses, so that, in case of repairs, 
arising from the wear and tear of travel, the boards resting upon 
the flooring-joists may not require to be removed. The footpaths 
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consist simply of a slight flooring of sufficient width, which is 
usually detached from and raised a few inches above the roadway 
surface. 

599. When the bridge-frame is beneath the roadway, a distinct 
parapet will be requisite for the safety of passengers. This may 
oe formed either of wood, of iron, or of the two combined. It is 
most generally made of timber, and consists of a band and foot 
rail connected by uprig:ht posts and stiffened by diagonal braces. 
A wooden parapet, oesides the security it giyes to passengers, 
may be made to add both to the strength and stiffiiess of the 
bridge, by constructing it of timber of a suitable size, and con- 
necting it finnly with the exterior ribs. 

600. In bridge frames in which the ribs are above the roadway, 
a timber sheathing of thin boards will be requisite on the sides, 
and a roof above, to protect the structure from the weather. The 
tie-beams of the roof-trusses may serre also as ties for the ribs 
at top, and may receiye horizontal diagonal braces to stiffen the 
structure, like those of the roadway-bearers. The rafters, in the 
case in which there is no centre rib, and the bearing, or distance 
between the exterior ribs, is so great that the roadway-bearers re- 
quire to be supported in the middle, may senre as points of Sup- 
port for Suspension pieces of wood, or of iron, to which the middle 
point of the roadway-bearers may be attached. 

601 . When the bridge-frame is beneath the roadway, the floor- 
ing, if sufficient projection be given it beyond the heaa, will pro- 
tect it from the weather, if the depth of the ribs be not yery great 
In the contrary case a side sheathing of boards may be requisite. 

602. The'frame and other main timbers of a wooden bridge 
will not require to be coated with paint, or any like composition, 
to presenre them from decay when they are roofed and boarded 
in to keep them dry. When this is not the case, the ordinary 
preservatives affainst atmospheric action may be used for them. 
The under suriace and joints of the planks of the roadway may 
be coated with bituminous mastic when used for a horse-track ; 
in railroad bridges a metallic covering may be suitably used 
when the bridge is not traversed by horses. 

603. Wooden bridges can produce but little other architectural 
effect than that which natursuly Springs up in the mind of an 
educated spectator in regarding any judiciously-contrived struc- 
ture. When the roadway and parapet are aboye the bridffe- 
frame, a very simple comice may^ Wed by a proper combi- 
nation of the roadway-timbers and flooring, which, witn the para- 
pet, will present not only a pleasing appearance to the eye, but 
will be Ol obyious Utility in covering the parts beneath from the 
weather. In covered bridges, the most that can be done will be 
to paint them with a uniform coat of some subdued tint. At 
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best, from their want of height as compared with their length, 
covered wooden bridges must, for the most part, be only unsigntly, 
and also apparently insecure structures when looked at irom such 
a point of view as to embrace all the parts in the field of vision ; 
and any ättempt, therefore, to disguise their true charactery and to 
giye them by painting the appearance of houses, or of stone arches, 
while it must fail to deceive eyen the most ignorant, will only be- 
tray the bad taste of the architect to the more enlightened judge. 

604. The art of erecting wooden bridffes has been carried to 

freat perfection in almost every part of the world where timber 
as, at any period, been the principal building material at the 
disposal Ol the architect. The more modern wooden bridges of 
Switzerland and Germany occupy in Europe the first raä^, for 
boldness of design and scientific combination in their arrangement 
and construction. These fine foreign structures have been eyen 
surpassed in the United States, and our wooden bridges and the 
skiU of our engineers and carpenters, as shown through them, 
have become deserredly celebrated throughout the scientific 
World. The more recent structures of this class are peculiarly 
characterized for simplicity of arrangement, perfection in the me- 
chanical execution, and boldness of design. If they are open to 
the Charge of any fault, it is to that of too great boldness of de* 
sign, in spanning very wide bays with ribs of open-built beams 
either unsupported, or but imperfectly so, at intermediate points, 
by any combination of struts and corbels, or straining beams. 
The want of these additions is more or less apparent in the ffreat 
vibratory motion feit on some of the more recent railroad and 
other bridges, and in a consequent disposition in the firame to 
work loose at the joints and sag. 

605. The following Table contains the principal dimensions 
of some of the most celebrated American and European wooden 
bridges. 
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Numberof 
bayt. 


Widthof 
widest bay. 


BiMordepth 
ofrib. 


Bridge of Schaffhausen, (A) 
Bridge ofKandel, (B) . 
Bridge of Bamberg, > ^qv 
Bridge of Freysingen, J ^ ' 
Essex bridge, (D) . 
Upper Schuylkül bridge, (£) 
Market-street bridge, (F) 
Trenton bridge, (G) 
Columbia bridge, (H) . 
Richmond bridge, (I) . . 
Springfield bridge, (K) . 






3 

1 
1 
3 
1 
1 
3 
6 
39 
19 
7 


103 ft. 
166 " 
308 " 
163 " 
360 " 
340 " 
106 " 
300 " 
300 " 
163 " 
180 " 


16.0 ft. 
11.6 " 

30 « 
13 " 
37 " 

16.4 " 
18 " 
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(A) This celebrated Swiss bridffe, built by John Ubrich Gni- 
benmann, a carpenter, consisted of two bays, the one 193 and 
ihe other 172 feet. The bridge-frame was formed of two ribs 
with a roadway between them. Each rib was framed, in some 
respects, on the same principle as an open-built beam, the upper 
string being supported by a number of inclined struts which 
rested against the abutments and pier, and the lower string, upon 
which the roadway timbers were laid, being suspended from the 
Upper by Suspension pieces. The whole structure was Consoli- 
dated and braced by bolts, stays, and Straps of iron. Remarkable 
in its day, yet the drawings extant of the bridge of Schaflfhausen, 
while they attest the ingenuity and practical skill of the builder, 
present it in singuIar contrast with the equally bold and less com- 
plicated structures of the like nature recently erected in the 
United States. 

(B) This is also a Swiss bridge, built over the torrent of Kan- 
del in the canton of Beme. Its ribs are formed of solid-built 
beams which gradually decrease in depth from the centre to the 
extremities ; this decrease being made by offsets, the built beams 
presenting the appearance of a number of straining beams placed 
below each other, against the ends of which abut inclined struts 
that rest against the faces of the abutments. The roadway rests 
upon the built beams. 

(C) These two bridges are selected from among a number of 
the like character constructed in various parts of Germany by 
Wiebeking. The bridge-frame in all of them consists of several 
ribs of curved solid-built beams upon which the roadway timbers 
are laid. This method of constructing bridge-frames combines 
great strength and stiffness. It is more expensive than frames of 
straight timber, as it requires a larger amount of iron, and more 
complicated mechanical means for its construction than the latter, 
and the ribs, although stiffer, are impaired in strength by the 
Operation of bending them. 

(D) This is a very remarkable structure built over the river 
Merrimack near Newburyport. The ribs consist of curved open- 
built beams, each of which is composed of three concentric solid- 
built beams, connected, at intervals along the rib, by two radial 
pieces of hard wood which fit into mortises made through the 
centre of each solid beam, and by a long wedge of hard wood in- 
serted, in the direction of the radius of curvature, between each 
pair of radial pieces. Each of the solid-built beams of the rib is 
formed of two thicknesses of scantling, about 12 or 15 feet in 
length, which abut end to end, breaking joints, and are connected 
by keys of hard wood inserted inlo mortises made through the two 
thicknesses. By these arrangements the architect has sought 
to preserve both the curved shape and the parallelisin of the solid 
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beams fomiing thc lib, and also to cotuiect aU tbe parte firnily. 
The combüiation is au ingenious attempt at constnictiiig an arch 
of wood ou sjinilar principies to oiie of stone, but is inferior to 
the more simple and usual methods of fonning curved open-built 
heams by using radial and diagonal pieces. 

(E) This bridge, designed and built by L. Wemwag, has the 
widest Span on record. The bridge-foüne (Fig. 132) c 
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of five ribs. Each rib is an open-built beam formed of a bottom, 
curved aolid-built beam and of a single top beam, which are con- 
nected by radial pieces, diagonal braces, and inclined iron stays. 
The. bottom curved beam is composed of ihree concentric solid- 
buill beams slightiy separated from each other, each of wliich 
has seven courses of curved scantling in it, each course 6 inches 
thick by 13 inches in breadth; the courses, as well as the con- 
centric beams, being firmly united by iron bolts, &c. A road- 
way that rests upon the bottom curved ribs is left on each side 
of the centre rib, and a footpath between each of the two exterior 
riba. The bridge was covered in by a roof and a sheathing on 
the sides. 

(F) This is also one of the many bridges designed and built 
hy Wemwag in the States of Pennsylvania and New Jersey. 
The bridge-mime consists of three ribs placed so far apart as to 
. leave space between ihem for a carriage-way and a footpath on 
each Bide of the centre rib. Each rib is an open-built beam, 
consisting of a bottom curved solid-built beam, with mortises at 
intervals to receive radial pieces, which are connected at top by 
a Single beam, also mortised to receive tenons on the heads of the 
radial pieces. A single diagonal brace is placed between each 
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pair of radial pieces. Longitudinal beams reach fzom the crown 
of the curved rib of one bay Xo that of the next, and on theae the 
roadway-bearers are laid traiuTersely. 

(G) In this äne structure, the roadway-bearers are suspended 
bcäa curved aolid-built beams by iron-bü diains and Suspension 
rods. The span of the centre oay is 200 feet, that of tne two 
adiacent 180 feet, and that of the extreme bajrs 160 feet. The 
bndge-frame (Fig. 133) consiata of five ribs, having the same 
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airangenient for the roadway and footpaths as in the Upper SchuyI- 
kill bridge. Each of the central ribs is formed of 8 coiurses of 
curved scantling, each courae being 4 inches thJck, and 13 inches 
broad. The two eiterior ribs have 9 courses of scantling of the 
sanie dimensions. Inclined tiniber braces connect the curved 
beam and roadway timbers. The ribs are tied at top by crons 
pieces, and siiffened by diagonal braces. The bridge-frame is 
braced on the exterior by vertical and horizontal timber-stays 
which abut against the top of the piefs. The roadway is of 

Elank laid upon longitudinal joists that rest on the roadway- 
earers. The roadway-bearers are stidened by diagonal braces. 
The abutments and piers are of stone, the latter being 20 feet 
thick at the impost. 

(H) This, hlce most of the more recent bridges for raÜroads, 
aqueducts, &c., in PennsylTania, is built upon Buir*» plan, which 
(Fig. 134) consists in foiming each rib of an open-built beam of 
straight timber, and connecting vrith it a curved aolid-built beam 
formed of two or more thicknesses of scanthng, between which 
the firame-work of the open-built beam is clamped. The open- 
built beam consists of a horizontal bottom beam of two thicknesses 
of scantling, lermed the chords, which clamp uprights, termed the 
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queenpostSj between thein,— of a sinele top beam, tenned the pUUe 
of the sideframey which rests upon Sie uprights, with which it is 
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connected by a mortise and tenon Joint, — and of diagonal braces 
and other smaller braces, termed cJieck braces^ placed between 
the uprights. The cuired-built beam, termed the arch-timbers^ 
is boited upon tbe timbers pf the open-built beam. The bridge- 
frame may consist of two or more ribs, which are connected and 
stiffened by cross ties and diagonal braces. The roadway-floor- 
ing (Fig. 135) is laid upon cross pieces, tenned the floor girdersy 
which may either rest upon the cnords, or eise be attached at any 
intermediate point between them and the top beam. The road- 
way and footpaths may be placed in any position between the 
several ribs. 

There is great similarity between the combination adopted by 
Burr and those of the two bridge-firames just described. • The 
main difference consists in the application by Burr of what he 
terms the arch-timbers, to strengtnen and stiffen an open-built 
beam. It may be remarked from the Figs. 134, 135, that the 
framing of the open-built beam is faulty, in that the top beam, or 
plate, is not only of less dimensions man the bottom beam, or 
chord, but is weakened by mortises, and moreoYer affords no 
other Support to the queen posts, or uprights, which act as Sus- 
pension pieces for the choro, than that of the pin which confines 
the tenon in the mortise. From the manner in which the arch- 
timbers are formed and connected with the parts of the open-built 
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beam, they add but litde if any more strength and stifiness than 
would be given by straight timbers reaching from the spriDging 
point of the aich timbers to their crown ; and they are certainly 
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less efficacious in subserving their end than would be inclined 
Btruts, occupying a like position at bottora, and abutting against a 
straininff beam, placed either under the centre part of the choid, 
where the locality would permit it, or under the centre portion of 
the plate. In localities wnere fine timber is less abundant than in 
those in which the most of Burr's bridges have been built, a ju- 
dicious regard to economy would undoubtedly have suggested a 
selection of forms for the secondary parts of the frame, which 
would have prevented these parts from being as much cut to 
waste as the Figs. show they must have been in the example 
taken to illustrate this System. 

(I) This structure, constructed under the superintendence of 
Moncure Robinson, Esq., is upon Town's plan. The width of 
the bays varies from 130 to 153 feet. It consists of two ribs, 
each Ol which is formed of a double lattice, with two chords at 
bottom and one at top. The roadway, for rails, rests on the top 
ffirders. The ribs are braced by vertical diagonal braces, and by 
horizontal diagonal braces between each pair of the top and bot- 
tom girders. The piers are of rustic work ; they are 40 feet 
above the low-water level, and 4 feet thick at top. The exam- 

Ele here selected for illustration (Fig. 136) is taken from another 
ridge, of nearly the same width of bay, erected subsequently 
to the Richmond bridge, by the same engineer, in which me top 
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chord also is doubled, as the former bridge was found to be nther 
weak. 
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(K) This bridge is conetnicted on Howe's plan. It consisu 
{Kg. 137) of two ribs which are connected at top and bottom, in 
tbe UBual manner, with cross ties and diagonal bracea. The 
roadway-flooring rests upon the cross girders at bottom. The 
bridge is not roofed, as is usually the case, the ribs being coTered 
in on the sides and at top by a Bheathing of boards, and the 
flooring-boards by a metalhc covering. 

The bridges conatnicted accordiog to Colone! Long's plan 
have been moatly applied to medium spans. In the printed de- 
scription of the difierent improvements of this System patented 
by Colonel Long, he Tery judiciously inlroduces struts, which 
he tenns arck braces, eiüier below the top or the bottom string, 
as the locality may demand, for tbe purpose of preventing sag- 
ging, which must necessarily take place in time m all open-bu3t 
beams of considerable span, if not sirengthened in this way. 
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CAST-IHON BRIDGES. 

606. Bridges of cast iron admit of erea greatec boldness ot 
design than those of timber, owing to the superiority, both in 
strength and durability, of the fonner over the latter material : 
and tney may therefore be resorted to under ciicumstances very 
nearly the same in which a wooden stnicture would be suitable. 

607. The abutments and piers of casUiron bridges should be 
bullt of stone, as ihe corrosive action of ealt water, or even of 
fresh water when impure, would in time render iron supports of 
this character insecure ; and timber, when exposed to the same 
desuructive agents, is Btill less durabie than caat iron. 

The forms and dimensions of the stone abuuneots and piera 
are regulated on the same principles as the hke paits in wooden 
bridges with curved frames. Tne piers may be either built up 
high enough to receive the roadway-bearera, or eise they may be 
teiminated just above the springing plates of the bridge-friunei 
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and form su{^oit8 for cast-ut)n Standards upon which the Toad¥Fay« 
bearers may be laid. 

608. The curred ribs of cast-iron bridge-firames have under- 
gone Tarioas modiäcations and improvements« In the earlier 
bridges, they were fonned of several concentric arcs, or curred 
beams, placed at some distance asunder, and united by radial 

Eieces ; the spandrels being filled eidier by contiguous rings, or 
y vertical pieces of cast iron upon which the ri^way-bearers 
were laid. 

In the next stage of progress towards improvementy the curved 
ribs were made less deep, and were each formed of seyeral seg* 
ments, or panels cast separately in one piece, each panel conh 
sisting of three concentnc arcs connected by radial pieces, and 
having flanches, with other suitable arrangements, for connecting 
them finnly by wrought-iron keys, screw-bplts, 6cc. ; the entire 
rib thus presenting the appearance of three concentric arcs con- 
nected by radial pieces. The spandrels were filled either with 
panels fonned like those of the -curved ribs, with iron rings, or 
with a lozenge-shaped reticulated combination. The ribs were 
connected by cast-iron plates and wrought-ixon diagonal ties. 

In the more recent structures, the ribs have been composed of 
voussoir-shaped panels, each formed of a solid thin plate with 
flanches around the edges ; or eise of a curved tubulär nb, formed 
like those of Polonceau, or of Delafield, described under the head 
of Framing. The spandrel-filling is either a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are usually 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
and wrought iron. 

609. Tne roadway-bearers and flooring may be formed either 
of timber, or of cast nron. In the more recent structures in Eng- 
land, they have been made of the latter material ; the roadway- 
bearers being cast of a suitable form for strength, and for their 
connection with die ribs ; and the flooring-plates being of cast 
iron. 

The roadway and footpaths, formed in the usual manner, rest 
upon the flooring-plates. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
structure. 

610. The English encineers have takenthe leadin this branch 
of architecture, and, in meir more recent structures, have carried 
it to a high degree of mechanical perfection and architectural 
elegance. Among the more celebrated cast-iron bridges in Eng- 
land, that of CoaUirookdale belongs to the first epoch above men- 
tioned ; those of Staines and Sunderland to the second ; and to 
the third, the bridge of Southwark at London ; that of Tewkes^- 
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bury oTer the Seyem ; that orer the Lary near Plymonth, aod a 
number of others in various parts of the United E^mgdom. 

The French engineers have not only followed the lead set them 
by the English, but have taken a new step, in the tubular-shaped 
ribs of M. Polonceau. The Pont des Arts at Paris, a very light 
bridge for foot-passengers only, and which is a combination of 
cast and wrought iron, belongs to their earliest essays in this Une ; 
the Pont (TAusterlitZy also at Paris, which is a combination sinii- 
lar to those of Staines and Sunderiand, belongs to their second 
epoch ; and the Pont du Carrousel, in the same city, built upon 
Polonceau's system, with several others on the same plan, belong 
to the last. 

In the United States a commencement can hardly be said to 
have been made in this branch of bridge architecture ; the bridge 
of eighty feet span, with tubulär ribs, constructed by Major Dela- 
field at Brownsville, Stands almost alone, and is a step contem- 
porary with that of Polonceau in France. 

The following T&ble contains a summary description of some 
of the most noted European cast-iron bridges. 
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( A) This is the first cast-iron bridge erected in England. The 
curved rib is nearly a sqmicircle in shape, and is composed of 
three concentric arcs, which are connected at intervals by short 
columnar pieces, in the direction of the radii of the curve. 

(B) This structure, which connects Wearmouth and Sunder- 
iand, has aremarkably boid appearance, both firom its great span, 
and its height, which is 100 feet between the high water-level 
and the intrados of the arch at the crown. The entire rib pre- 
sents the appearance of an open-built beam, composed of three 
concentric arcs united by radial pieces. The spandrel-fiUing is 
formed of contiguous iron rings, of increasing diameters from the 
crown to the springing line, which rest upon the back of the 
curved rib, and support the roadway-bearers. 

(C) Staines briage was designed on the same plan as Wear- 
mouth ; but from a defect in the strength of its abutments, they 
successively yielded to the horizontal thrust, which in so fiat an 
arch was very considerable. 
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(D) The bridee of Austerlitz is constructed on the same prin- 
ciple as the two last, and produces a light and pleasing architec- 
tural effect. Each curved rib consists of 21 Youssoir-shaped 
panels, about 4 feet in depth. The spandrel-fiUings present the 
appearance of a continuation of the curved rib outwards/to form 
a Support for the roadway-bearers. The piers are terminated at 
the springing lines of the curved rib, and are at this point 13 feet 
thick ; the roadway above them being supported by the ribs con- 
tinutd up to its level. The roadway is on a level, the roadway- 
bearers and flooring beine of timber. 

(E) In this structure me curved rib is formed of solid panels. 
The spandrel-fillings consist of vertical shafts united by cross 
pieces. The piers are built up to support the roadway-bearers ; 
they are 13 feet thick at the springing line. The entire width 
of the bridge is 36 feet, the carriage-way occupying 25 feet. 

(F) In ttiis bold structure, the width of each of the two extreme 
bays is 210 feet. The curved rib is composed of thirteen solid 
panels, each of which is 2} inches thick, and has a rim, or fianch 
around it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feet at the spring. The spandrel-filling is composed 
of lozenge-shaped panels with vertical joints ; they are secured 
to the back of the curved rib and support the roadway-plates. 
The curved ribs are connected by tie-pates inserted between the 
joints of the voussoirs ; and they are oraced by feathered diago- 
nal braces. The piers are 24 feet thick at the springing line, 
and are built up to the level of the roadway-plates. The width 
of the carriage-way is 25 feet, and that of each of the footpaths 
7 feet. 

(6) This bridge presents a very light and elegant appearance ; 
the panels of the curved rib being cast with open curvilinear 
Spaces, which divide the panel into several rectangular-shaped 
figures, with solid sides and diagonals. Each rib consists of 
twelve panels. The depth of the ribs is 3 feet. The thickness 
of the two exterior ribs is 2| inches, that of tlie four interior 
2 inches. The ribs are connected by grated tie-plates between 
the panel-joints, and they abut agamst springing plates which 
are 3 feet wide and 4 inches thick. The roeidway-bearers and 
road-plates are of cast iron. The spandrel-filling is composed 
of lozenge-shaped panels, the sides of the lozenges being fea- 
thered, and tapering from the middle to the extremities. The 
ribs of the bridge-firame are connected and braced in the usual 
manner. The road-bearers are laid lengthwise upon the ribs, to 
which they are firmly secured, and they are covered virith iron 
road-plates, upon which the road-covering rests. The free road- 
space is 24 feet. 

(H) In this structure, (Figs. 138, 139,) the engineer has de- 
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parted from Ihe unial form of a circular segDient arch, and 
»äoptei an elliptical segment. The foUowing summary deicrip- 
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finishing at the springing couree of the aiches ; secoDdly, in the 
curvilinear foims of tbe pien and abutmenls ; and thinlly, in the 
employment of elUptical arches. 

" The centre aiat is 100 feet span, and riwa 14 feet 6 iuches; 
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the thickneHs of the piers» where, smallesty being 10 feet. The 
arches adjoining the centre are 95 feet span each, and rise 13 
feet 3 incnes. The piers, taken as before, are each 9 feet 6 
mches thick. The extreme arches are each 81 feet span, and 
rise 10 feet 6 inches. The abutments are, in their smallest di- 
mensions, 13 feet thick, forming at the back a streng arch abutting 
acainst the retum-walls to resist the horizontal thrust. The ends 
of the piers are semicircular, having a curvilinear batter on the 
sides and ends fomied wi^ a radius of 35 feet, and extending 
upward from the level of high water to the springing course, and 
downward to the level of the water at the lowest ebb. The 
front of the abutments have a corresponding batter. 

" The roadway is 24 feet wide, supported by 5 cast-iron equi- 
distant ribs. Each rib is 2 feet 6 inches in depth at the spring- 
ing, and 2 feet at the apex, by 2 inches thick, with a top and 
bottom flange of 6 inches wide by 2 inches thick, and is cast in 
5 pieces ; their joints (which are flanged for the purpose) are 
connected by screw-pitis with tie-plates equal in length to the 
width of the roadway, and in depth and thickness to the ribs ; 
between these meeting-plates the ribs are connected by streng 
feathered crosses, or diagonal braces, with screw-pins passing 
through their flanges and the main ribs. The springing-plates 
are 3 inches thick, with raised grooves to receive the ends of the 
ribs, which have double Shoulders. These plates are sunk flush 
into the springing course of the piers and abutments, which, with 
the cordon and springing course, are of granite. The pier- 
standards and spandrel-fillings are feathered Castings, connected 
transversely by diagonal braces and wrouffht-iron bars passing 
through cast-iron pipes, with bearing-shoulders for the sevenu 
parts to abut against. The roadway-bearers are 7 inches in 
depth by 1^ thick, with a proportional top and bottom flange ; 
they are fastened to the pier-standards by screw-pins through 
sliaing mortises, whereby a due provision is made lor either ex- 
pansion or contraction oi the metal ; the roadway-plates are { of 
an inch thick by 3 feet wide, connected by flanges and screw- 

f)ins, and project 1 foot over the outer roadway-bearers, thus 
brming a comice the whole length of the bridge. 

** The adoption of these forms for the piers and arches, in uni- 
son with the plan of finishing the piers above the springing course 
with cast iron instead of masonry, has, as I had hoped, given a 
degree of uniform lightness combined with strength to the general 
effect, unobtainable by the usual form of straight-sided piers car- 
ried to the height of the roadway, with flat Segments of a circle 
for the arches. 

(I) The curved ribs of this bridge are tubulär, the cross sec- 
tion of the tube being an ellipse, the transverse axis of which is 
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2 feet 6 inches, and the conjugate about 1 foot 4 inches. Each 
rib consists of eleven pieces, which are shaped and connected as 
described under the head of Framing. The spandrel-fillings are 
formed of contiffuous cast-iron rings which rest upon the ribs, 
and Support the Tongitudinal roadway-bearers. The ribs are tied 
and braced nearly in the usual manner. The flooring upon which 
the road-covering is laid is of timber. The piers are built up to 
receive the roadway-bearers. 

The System of M. Polonceau presents a very light and elegant 
form of cast-iron brjdge. The inventor claims for it more econo- 
my than by the ordinary combinations, and also more* lightness 
combined with adequate strength. It has been objected to this 
System that it is defective in rigidity ; this the inventor seems 
disposed to regard as an advantage, and has preferred the span- 
drel-filling of rings partly on this account, because their elasticity 
is favorable to a gradual yielding and restoration of form in the 
parts. 

611. Effects of Temperature on stone and cast-iron Bridges. 
The action of variations of temperature upon masses of masonry» 
particularly in the coping, has already been noticed. The effect 
of the same action upon the equilibrium of arches was first ob- 
served by M. Vicat in the stone bridge built by him at Souillac, 
in the iomts of which periodical changes were found to take place, 
not only from the ranges of temperature between the seasons, but 
even daily. Similar phenomena were also very accurately noted 
by Mr. George Rennte in a stone bridge at Staines. 

From these recorded observations the fact is conclusively es- 
tablished, that the joints of stone bridges, both in the arches and 
spandrels, are periodically affected by this action, which must 
consequently at times throw an increased amount of pressure 
upon the abutments, but without, under ordinary circumstances, 
any danger to the permanent stability of the structure. 

When iron was first proposed to be employed for bridges, ob- 
jections were brought against it on the ground of the effect of 
changes of temperature upon this metal. The failure in the 
abutments of the iron bridge at Staines was imputed to this cause, 
and Uke objections were seriously urged against other structures 
about to be erected in England. To put this matter at rest, ob- 
servations were very carefuUy made by Sir John Rennie upon 
the arches of Southwark bridge, built by his father. From these 
experiments it appears that the mean rise of the centre arch at 
the crown was about ^V^b of an inch for each degree of Fabr., 
or 1.25 inches for 50° Fahr. The change of form and increase 
of pressure arising from this cause do not appear to have affected 
m any sensible degree the permanent stability either of this struc- 
ture, or of any of a like character in Europe. 
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SUSPENSION BRIDGES. 

612. The use of flexible materials, as cordage and the like, to 
form a roadway over chasms, and narrow water-courses, dates 
from a very early period ; and structures of this character were 
probably among the firsl rüde altempts of ingenuily, before the 
arts of the carpenter and mason were sufficiently adVanced to be 
made subserrient to the same ends. The idea of a suspended 
roadway, in its simplest form, is one that would naturally present 
itself to the mind, and its consequent construction would Jemand 
only obvious means and but little mechanical contrivance ; but 
the Step from this stage to the one in which such structures are 
now found, supposes a very advanced State both of science and of 
its application to the industrial arts, and we accordingly find that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before the Suspension bridge, as this 
structure is now understood, was attempted. 

With the exception of some isolated cases which, but in the 
material employed, differed little firom the first rüde structures, 
no recorded attempt had been made to reduce to systematic rules 
the means of suspending a roadway now in use, until about the 
year 1801, when a patent was taken out in this country for the 
purpose, by Mr. Finlay, in which the manner of hanging the 
chain Supports, and suspending the roadway from it, are speci- 
fically laid down, diffenng, in no very material point, from the 
practice of the present day in this branch of bridge architecture. 
Since then, a number of structures of this character have been 
erected both in the United States and in Europe, and, in some 
instances, Valleys and water-courses have been spanned by them 
under circumstances which would have baffled the engineer's art 
in the employment of any other means. 

A Suspension bridge consists of the Supports, termed piers^ 
from which the Suspension chains are hung ; of the anchoring 
masses, termed the ahutments, to which the ends of the Suspen- 
sion chains are attached ; of the Suspension chains, termed the 
main chainsy from which the roadway is suspended ; of the verti- 
cal rods, or chains, termed the suspending-chains, &c., which 
connect the roadway with the main chains ; and of the roadway. 

613. As the general principles upon which flexible Supports 
for structures should be arranged have already been laid down 
under the head of Framing, nothing more will be requisite, under 
the present head, than to add those modifications of the applica- 
tions of these principles called for by the character of the struc- 
tures in question. 

614. Bays. The natural water- way may be divided into any 
number of equal-sized bays, depending on local circumstances, 
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and the comparative cost of high or low piers, and that of the 
main chains, and the suspending-rods. 

A bridge with a single bay of considerable width presents a 
bolder and more monumental character, and its stability, all other 
things being equal, in greater, the amplitude from umlulations 
caused by a moveable load being less than one of several bays. 

If two bays be preferred to one, the chains may be supported 
either by a single central pier, or by three piers of equal height. 
In case the locality is suitable to a central pier, the chains will 
present the appearance of a semi-ciinre, or arch, on each side of 
tbe pier ; the tension on the chains will be therefore only half as 
great as it would have been on the chains of a single bay of double 
Üie width, and the same versed sine. The horizontal strain will 
also be only half as great, and the anchoring points, or abutments, 
will be less ezpensive, as recjuiring less streng. 

If, instead of a central pier with two senu-arches, two entire 
arches be preferred for the bridge, then three piers wiU be neces- 
sary, whicn need only be half me height of those which a single 
bay would require. The tension on the chains in this case will 
be only one fourth of that upon the chains of a bridf e with a sin-» 
gle bay of double width ; and the abutments may be made pro- 
portionally less streng. 

615. Piers. These are commonly masses of masonry in the 
shape of pillars, or columns, that rest on a conmion foundation, and 
are usually connected at top. The form eiven to the pier, when 
of stone, will depend in some respects on me locality. Generally 
it is that of the architectural monument known as the Triumphal 
Arch ; an arched opening being formed in the centre of the mass 
for the roadway, and sometimes two others of smaller dimensions, 
on each side oi the main one, for approaches to the footpaths of 
the bridge. 

Piers of a columnar, or of an obelisk form, have in some in- 
stances been tried. They have generally been found to be want- 
ing in stiffness, being subject to vibrations fnnn the action of the 
chains upon them, which in tum, from the reciprocal action upon 
the chains, tends yery much to increase the amplitude of the vi- 
brations of die latter. These effects have been observed to be 
the more sensible as the columnar piers are the higher and more 
slender. 

Cast-iron piers, in the form of columns connected at top by an 
entablature, nave b6en tried with success, as also haye been 
colmnnar piers of the same material so arranged, with a Joint at 
their base, that they can receive a pendulous motion at top to ac- 
commodate any increase of tension upon either branch of the chain 
lesting on them. 

The dimensions of piers will depend upon their height and the 
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Btrain upon them. When built of stone, the masonry should be 
Tery carefully constructed of large blocks well bonded, and tied 
by metal cramps. The height of the piers will depend mostly 
on the locality. When of the usual forms, they should at least 
be high enough to admit the passage of vehicles under the arched 
way of the road. 

. 616. Abutments. The forms and dimensions of the abutments 
will depend upon the manner in which they may be connected 
with the chains. When the locality will admit the chains to be 
anchored without deflecting them vertically, the abutments may 
be formed of any heavy mass of rough masonry, which, firom its 
weight, and the manner in which it is imbedded, have sufficient 
strength to resist the tension in the direction of the chain. If it 
is found necessary to deflect the chains vertically tö secure a good 
anchoring point, it will also generally be necessary to build a mass 
of masonry of an arched form at the point where the deflection 
takes place, which, to present sufficient stxength to resist the 

Eressure caused by the resultant of the tension on the two 
ranches of the chain, should be made of heavy blocks of cut 
stone well bonded. If the abutments are not too far from the 
foundations of the piers, it will be well to connect the two, in 
Order to give additional resistance to the anchoring points. 

617. Sfain Chains, &c. The suspending curves, or arches, 
may be made of chains formed of flat, or round iron, or may con- 
sist of wire cables constructed in the usual manner. 

The main chains of the earlier Suspension bridges were formed 
of long links of round iron made in the usual way ; but, indepen- 
dently of the greater expense of these chains, they were found to be 
liable to defects of welding, and the links, when long, were apt to 
become misshapen under a great strain, and required to be stayed 
to preserve their form. Chains formed of long links of flat bars, 
usually connected by shorter ones, as coupling links, have on 
these accounts superseded those of the ordinary oval-shaped 
links. 

The breadth of the chains has generally been made uniform ; 
but in some recent bridges erected in England by Mr. Dredge, 
the chains are made to increase uniformly in breadth, by increas- 
ing the number of bars in a link, from the centre to the points of 
Suspension. In addition to this change in the form of the main 
chains, Mr. Dredge places the suspending chains in a vertical 
plane parallel to me axis of the bridge, but obliquely to the hori- 
zon, inclininff each way from the points of Suspension towarda 
the centre of the curve. From experiments, it appears that a 
very considerable increase of strength, for the same amount of 
material, is given by these modifications. 

The number and disposition of the chains will depend upon the 
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strain to be bome and the airangement of the roadway and foot- 
paths. FoT a single carriage-way the main chains are disposed 
on each aide, leaying the requisite width of the carriage-way be- 
tween them. Should the weicht to be bome be so great that the 
number of bars in a link would give such breadth to the chain as 
to require a considerable addition to the breadth of the piers, two 
or more chains must be employed, and these should be suspended 
one immediately below the other. It has been suggested that 
their distance apart should be such that the shaoow from the 
chain aboye upon that beneath should not prevent the action of 
the sun's rays, in evaporatinff any moisture that may lodge in the 
articulations of the links, and also to preserve an equable temper- 
ature in all the chains. If there are two carriage-ways, with 
footpaths, any arrangement of the chains may be adopted, simi- 
lar to those already pointed out for the ribs of wooden bridges 
under like circumstances ; care being taken that the strength of 
the chains be proportioned to the strain upon tliem, and that they 
be placed so far asunder, that in violent oscillations from high 
winds they may not come into collision. 

Some of the links of the main chains should be arranged with 
adjusting screws, or with keys, to bring the chains to the proper 
degree of curvature when set up. 

The chains ttiay either be attached to, or pass oyer a moveable 
cast-iron saddle, seated.on rollers on the top of the piers, so that 
it will allow of sufficient horizontal displacement to permit the 
chains to accommodate themselves to the effects of a moveable 
load on the roadway. The same ends may be attained by attach- 
ing the chains to a pendulum bar suspended from the top of the 
pier. 

The chains are firmly connected with the abutments, by being 
attached to anchoring masses of cast iron, arranged in a suitable 
manner to receive and secure the ends of the chains, which are 
carefuUy imbedded in the masonry of the abutments. These 
points, when under ground, should be so placed that they can be 
visited and examined from time to time. 

618. Suspending Chains, The suspending-rods, or chains, 
should be attached to such points of the main chains and the 
roadway-bearers, as to distribute the load uniformly over the 
main chains, and to prevent their being broken or twisted off 
by the oscillations of the bridge from winds, or moveable loads. 
They should be connected by suitably-airanged articulations, with 
a saadle piece bearing upon the back of the main chain, and at 
bottom virith the stirrup that embraces the roadway-bearers. 

The suspending-chains are usually hung vertically. In some 
recent bridges they have been incUned inward to give more stiff- 
ness to the systent 
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619. Roadway. Transversal roadway-bearers are attached 
to the suspending-chains, upon which a flooring of timber is laid 
for the roadway. The roaclway-bearers, in some instances, have 
been made of wrought iron, but timbejr is now generally preferred 
for these pieces. Diagonal lies of wrought iron are placed hori- 
zontally between the roadway-bearers to brace the frame-work. 

The parapet may be formed in the usual style either of wrought 
iron, or of timber, or of a combinatipn of cast iron and timber. 
Timber alone, or in combination with cast iron, is now preferred 
for the parapets ; as Observation has shown that the stiffness given 
to the roadway by a strongly-trussed timber parapet limits the 
ampHtude of the undulations caused by violent winds, and secures 
the structure firom danger. 

In some of the niore recent Suspension bridges, a trussed 
frame, similar to the parapet, has been continued below the level 
of the roadway, for the purpose of giving greater security to the 
structure against the action of high winds. 

When the roadway is above the chains, any requisite nimiber 
of Single chains may be placed for its support. Frames formed 
of vertical beams of timber, or of columns of cast iron united by 
diagonal braces, rest upon the chains, and support the roadway- 
bearers placed either transversely, or longitudinally. 

620. Vibrations. The undulatory or vibratory motions of 
Suspension bridges, caused by the action of high winds, or move- 
able loads, should be reduced to the smallest practicable amount, 
by a suitable arrangement of bracing for the roadway-timbers and 
parapet, and by chain-stays attached to the roadway and to the 
basements of the piers, or to fixed points on the banks whenever 
they can be obtained. 

Calculation and experience show that the vibrations caused by 
a moveable load decrease in amplitude as the span increases, 
and, for the. same span, as the versed sine decreases. The 
heavier the roadway, also, all other things being the same, the 
smaller will be the amplitude of the vibrations caused by a move- 
able load, and the less will be their effect in changing the form 
of the bridge. 

The vibrations caused by a moveable load seldom affect the 
bridge in a hurtful degree, owing to the elasticity of the System, 
unless they recur periodically, as in the passage of a body of 
soldiers with a cadenced march. Serious accidents have been 
occasioned in this way ; also by the passage of cattle, and by 
the sudden rush of a crowd from one side of the bridge to the 
other. Injuries of this character can only be guarded against by 
a proper System of police regulations. 

Chain-stays may either be attached to some point of the road- 
way, and to fixed points beneath it, or eise they may be in the 
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fonn of a reyened curve below the roadway. The former is the 
more efficacious, but it causes the bridge to bend in a disagree- 
able manner at the point where the stay is attached, when the 
action of a moveable load causes the main chains to rise. The 
more oblique the stays, the longer, more ezpensiye, and less 
effective they become. Stays in the form of a reversed curve 
preserve better the shape of the roadway under the action of a 
moveable load, but they are less effective in preventing vibrations 
than the simple stay. Neither of these metnods is very service- 
able, except m narrow spans. In wide spans, variations of tem- 
perature cause considerable changes in the length of the stays, 
which makes them act unequally upon the roadway ; this is par- 
ticularly the case with the reversed curve. Both kinds should 
be arranged with adjusting screws, to accommodate their length 
to the more extreme variations of temperature. 

EngiAeers, at present, generally agree that the most efficacious 
means of limiting the amplitude, and the consequent injurious 
effects of undulations, consists in a strong combination of the 
roadway-timbers and flooring, stiffened by a trussed parapet of 
timber above the roadway, and in some cases in extending the 
firame-work of the parapet below it. These combinations pre- 
sent, in appearance, and reality, two or more open-built beams, 
as circumstances may demana, placed parallel to each other, and 
strongly connected and braced by the frame-work of the road- 
way, which are supported at intermediate points by the suspend- 
ing-rods, or chains. The method of placing the roadway-firaming 
at the central Une of the open-built beams presents the advantage 
of introducing vertical diagonal braces, or ties between the beams 
beneath the roadway-irame. The main objection to these com- 
binations is the increased tension thrown upon the chains from 
the greater weight of the frame-work. This increase of tension, 
however, provided it be kept within proper limits, so far from 
being injurious, adds to the stability and security of the bridge, 
both from the effects of undulations and of vibrations from shocks. 

As a farther security to the stability of the structure, the frame- 
work of the roadway should be finrny attached at the two extre- 
mities to the basements of the piers. 

621. Preservative means. To preserve the chains from oxi- 
dation on the surface, and from rain or dews which may lodge in 
the articulations, they should receive several coats of minium, or 
of some other preparation impervious to water, and this should 
be renewed from tmtie to time, and the forms of all the parts 
should be the most suitable to allow the free escape of moisture. 

Wires for cables can be preserved from oxidation, until they 
are made into ropes, by keeping them immersed in some alkaline 
Solution. Before makmg them into ropes they ohould be dipped 
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several times in boiling linseed oiJ, prepäred by previously boil- 
ing it with a small portion of litharge and lampbiack. The cables 
should receive a thick coating of the same preparation before 
they are put up, and finalty be painted with white lead paint, both 
as a presenrative means, and to show any incipient oxidation, as 
the rust will be detected by its discoloring the paint. 

622. Proofs qf Suspension Bridges. From the many grave 
accidents, accompanied by serious loss of life, which have taken 
place in Suspension bridges, it is highly desirable that some trial- 
proof shoula be made before opening such bridges to the pubUc, 
and that, moreover, strict police regulations should be adopted 
and enforced, with respect to them, to guard against the recur- 
rence of such disasters as have several times taken place in Eng- 
land, from the assemblage of a crowd upon the bridge, Li 
France, and on die continent generally, where one of the impor- 
tant duties of the public police is to watch over the safety of life, 
under such circumstances, regulations of this character are rigidly 
enforced. The trial-proof enacted in France for Suspension 
bridges, before they are ihrown open for travel, is about 40 Ibs. 
to each superficial foot of roadway in addition to the permanent 
weight of the bridge. This proof is at first reduced to one half, 
in order not to injure the masonry of the points of support during 
the green condition of the mortar. It is made by distributing 
over the road-surface any convenient weighty material, as bricks, 
pigs of iron, bags of earth, &;c. Besides this after-trial, each 
element of the main chains should be subjected to a special proof 
to prevent the introduction of unsound parts into the System. 
This precaution will not be necessary for the wire of a cable, as 
the process of drawing alone is a good test. Some of the coils 
tested will be a guarantee for the whole. 

From experiments made at Geneva by Colonel Dufour, one of 
the earliest and most successful constructors of Suspension bridges 
on the Continent, it appears that verought bar iron can sustain 
without danger of rupture a shock arising from a weight of 44 
Ibs. raised to a height of 3.28 feet on each, .0015dths of an inch 
of cross section, when the bar is strained by a weight equal to 
one third of its breaking weight ; and he concludes that no ap- 
prehension need be entertained of injury to a bridge from shocks 
caused by the ordinary transit upon it, which has been subjected 
to the usual trial of a dead weight ; and that the safety, in this 
respect, is the greater as the bridge is longer, since the elasticity 
of the System is the best preservative from accidents due to such 
causes. 

623. Durahüity. Time is the true test of the durability of 
the structures under consideration. So far as experience goes, 
there seems to be no reason to assign less durability to suspen- 
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Bion than to cast^iron, jn even stone bridges, if their repairs and 
the proper means of preaerving them from decay are attended to. 
Douüts have been expressed as to the durability of wire cables, 
but these seem to have been set at rest by the trials and exami- 
nations to which a bridge of this kind, erected by Colonel Dufour, 
at Geneva, was subjected by him after twenty years service. It 
was found that the undulations were greater than when the bridge 
was first erected, owing to the shrinking of the roadway-frame ; 
but the main cables, and suspending-ropes, even at the loops in 
contact with the timber, proved to be as sound as when first put 
up, and firee from ozidation ; and the whole bridge stood another 
▼ery severe proof without injury. 

624. The following succinct descriptions of the principal Cle- 
ments of some of die most celebrated Suspension bridges of 
chains, and wire cables, of remarkable span, are taken from va- 
rious published accounts. 

Bridge over the TSveed near Berwick. This is the first large 
Buspension bridge erected in Great Britain. It was constructed 
upon the plana of Capt. Broum^ who took out a patent for the 
principles of its construction. 

Span . • 4 . 449 feet. 
Versed sine . . . 30 " 
Number of main chains 12, six being placed on each aide of the 

roadway, in three ranges, of two chains each, above each 

other. 

The chains are composed of lonff links of round iron, 2 inches 
in diameter, and are 1 5 feet long. They are connected by coupling 
links of round iron, 1 ^ inch diameter, and about 7 inches long, by 
means of coupling bolts. 

The roadway is kome by suspending-rods of round iron, which 
are attached altemately to the tnree rankes of chains. The road- 
way-bearers are of timber, and are laid upon longitudinal bars 
of wrought iron, which are attached to the Suspension rods. 

Menai Bridge, erected after the designs of Mr. Telford. 
Opened in 1826. 

Span .... 579.8 feet. 
Versed sine ... 43 " 
Number of main chains 16, arranged in sets of 4 each, vertically 

above each other. 
Number of bars in each link 5. 
Length of links 10 feet. 
Breadth of each bar 3 j inches ; depth 1 inch. 
Coupling links 16 inches long, 8 inches broad, and 1 inch deep 
Coupling bolts 3 inches in diameter. 
Total area of cross section of the main chain, 260 Square inches. 

The main chains are fastened to their abutments by anchoring- 
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bolte 9 feet long and 6 inches in diameter, which are 8ecured in 
cast-iron grooves. The abuünents, which are Underground and 
reached by suitable tunnels, are the solid rock. 

lipon the tops of the piers are cast-iron saddles, upon which 
the main chains rest. The base of the saddle, which is fitted 
with grooves to receive them, rests upon iron rollers placed on a 
convex cylindrical bed of cast iron, shaped like the bottom of the 
base of the saddle, to admit of a slight displacement of the chains 
from moveable loads, or changes of temperature. 

The roadway is divided into two carriage-ways, each 12 feet 
Wide, and a footpath 4 feet wide between them. The roadway- 
framing consists of 444 wrought-iron roadway-bearers, 2^ inches 
deep and i inch thick, which are supported at the centre pöints 
of each of the carriage-ways by an inverted truss, consisting 
of two bent iron ties which suf^port a vertical bar placed under 
the roadway-bars at the points just mentioned. The platform 
of the roadway is formed of two thicknesses of plank. The 
first, 3 inches Uiick, is laid on the roadway-bearers and fastened 
to them. This is covered by a coating of patent feit soaked in 
boiling tar. The second is two inches tmck and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
stirrups on the roadway-bearers and to the coupling bolts of the 
main chains. 

The piers are 152 feet high above the high-water level. Hiey. 
have an arched opening leading to the roadway, and the masses 
on the sides of the arcb are built hoUow, with a cross-tie partition 
wall between the exterior main walls. 

The parapet is of wrought-iron vertical and parallel bars con- 
nected by a network. 

This bridge was seriously injured by a violent gale, which gave 
so great an oscillation to the main chains that they were dashed 
a^inst each other, and the rivet-heads df the bolts were broken 
off. To provide against similar accidents, a firame-work of cast 
iron tubes, connected by diagonal pieces, was fastened at inter- 
vals between the main chains, by cross ties of wrought-iron rods, 
which passed through the tubes, and were firmly connected with 
the exterior chains. Subsequently to this addition, a number of 
strong timber roadway-bearers were fastened at intervals to those 
of iron, as the iron roadway-bearers were found to have been 
bent, and in some instances broken, by the undulatory motion of 
the bridge in heavy gales. 

The total suspending weight of this Imdge, including the main 
chains, roadway, and all accessories, is stated at 643 tons, 15| 
cwt. 

The Fribourg bridge of vrire thrown across the Valley of the 
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Sarine, opposite Fribourg, was erected in 1832 by M. Chaley^di 
French engineer. 

Span . . . 870.32 feet. 
Versedsine . . 63.26 " 

There are 4 main cables, two on each side of the road, of the 
same elevation, and about l^ inch asunder. Each cable is cokn- 
posed of 1056 wires, each about 0.118 inch in diameter, which 
are finnly connected and brought to a cylindrical shape by a spiral 
wire wrapping. The diameter of the cable väries from 5 to 5| 
inches. The cables pass over 3 fixed pulleys on the top of the 
piers, upon which they are spread out without ligatures, and are 
each attached to two other cables of half their diameter which 
are anchored at some distance from the piers, in vertical pits, 
passing over a fixed puUey where they enter the mouth of the 
pit. 

The suspending-ropes are of wire a size smaller than that used 
for the cables. Their diameter is nearly 1 inch. They are 
formed with a loop at each end, fastened around a crupper-shaped 

Eiece of cast iron, that forms an eye to connect the rope wiih the 
ook of the stirrup affixed to the roadway-bearers, and to a saddle- 
piece of wrought iron, for each rope, that rests on the two main 
cables. 

The roadway-bearers are of timber, being deeper in the centre 
than at the two ends, the top surface being curved to conform to 
a slight transverse curvature given to the surface of the carriage- 
way ; they are placed about 5 feet between their centre lines, 
every fourth one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain the 
parapet in its vertical position. The carriage-way, which is about 
15^ feet Wide, is formed of two thicknesses of plank. The foot- 
paths, which are 6 feet wide, are raised above the surface of the 
carriage-way, and rest upon longitudinal beams of large dimen- 
sions, the inner one of wnich is firmly secured to the roadway- 
bearers by stirrups which embrace them, and the exterior one is 
fastened to the same pieces by long screw-bolts, which pass 
through the top rail of the parapet. The roadway has a slight 
curvature from the centre to the two extremities, along the axis ; 
the centre point being firom 18 inches to about 3 feet higher than 
the ends, according to the variations of temperature. The main 
cables at the centre are brought down nearly in contact with the 
roädway-timbers. 

The parapet is an open-built beam, consisting of a top rail, the 
bottom rail being the longitudinal exterior beam of the footpath, 
and of diagonal pieces wliich are mortised into the two rails ; the 
whole being secured by the iron bolts that pass through the road- 
Way-bearers and the top rail. This combihation of the parapet. 
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vlth the inclioatioa towarda ,the axi« of the roadway given to the 
suspendiug-iopes, gives gceat Btifihess to the roadway, and coun- 
teracts both lateral oacillationi» and loDgitudinol undulatians. 

The piers conaist of two pillara of solid masonry, about 66 feet 
high above the level of the roadway, which are united, at about 
3S feet above the same level, by & füll centre arch» having a Bpan 
of nearly 20 feet, and which fonns the top of tbe gateway leading 
to the bridge. 

Huttgefford and Lambeih bridge, erected over the Thamea 
Upon Üie plans of Mr. Brunei. 

This bridge, designed for fcot-paseengers only, has the widest 
Span of any chain bridge erected up to thiB period. 
Span . . . 676| feet. 
vereed sine . . 50 " 

The main chains are 4 in number, two being placed on esch 
■ide of the bridge, one above the other. These chains are formed 
entirely of long links of flat bars ; ihe links near the centre of tbe 
curve having altemately ten and eleven bars in each, and thoae 
near the plers altemately eleven and twelve bars. The bars are 
24 feet long, 7 inches in depth, and 1 inch thick. They are 
connected by coupling-botls, 4f inchea in diameter, which are 
aecured at each end by cast-iron nuts, 6 inches in diameter, and 
2f inches thick. The extremity of each chain is connected with 
a cast-iron saddle-piece, by bolta which pass through the vertical 
riba of the saddle-piece, of which there are 15. The bottom of 
the saddle reats on. 50 friction-rollers, which are laid on a firm 
horizontal bed of cast iron. The saddle can niove 18 inches 
horizontally, either way from the centre, and thus compenaate 
for any inequality of atrain on the main chains, either from a load, 
or from vanations of temperature. 

The aide main-chains are attached in like manner to tbe sad« 
die, and anchored at tbe other extremity in an abutm^it of brick- 
work. The anchorage (Fig. 140) is arranged by passing the 



chains through a strong caat-iion plate, and securing the ends Of 
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the bara by keys. The anchoring-plate is retained in its place 
by two strong casUiron beams, against which the strain upon the 
puUe is thrown. 

The suspending-roda (Fig. 141) are connected with both the 
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Upper and lower main-chains ; to the upper by a saddle-piece 
ana bolts» and to the coupling*bolt of the lower by an arrange- 
ment of articulations, wluch allows an easy play to the rods ; at 
bottom (Fig. 142) they are connected by a Joint with a holt that 
faatena fiimly the roaaway*timben. 
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The roadway-timbers consist of a strong longitudinal bottmn 
beam, upon which the roadway-bearers are notched ; these last 
pieces are in pairs, the two bemg so far apart that the bolts con- 
necting with the suspendinff-rods by a forked head can pass be- 
tween them ; the flooring-plank is laid upon the roadway-bearers ; 
and a top longitudinal beam, which forms the bottom rail of the 
parapet, is secured to the bottom beam by the connecting holt. 
Wrought-iron diagonal ties are placed horizontally below the 
flooring, to brace the whole of the timbers beneath. 

The roadway is 14 feet wide. It slopes from the centre point 
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along the axis to the extreimtie8, being 4 feet higher in the centre 
than at the two last point8. 

The pieni are in the fonn of towers, re8embling the Italian 
belfiy. They are of brick, 80 feet high, and so constructed and 
combined witn the top saddles, that they have to sustain no other 
strain than the vertical pressure from the main-chains. 

The whole weight ot the stmcture, with an additional load of 
100 Ibs. per s(^uare foot of the roadway, would throw about 1000 
tons on each pier. The tension on the chains from this load is 
calculated at about 1480 tons ; while the strain they can bear 
without impairing their strength is about 5000 tons. 

Monongahela wire Bridge. This bridge, erected at Pittsburgh, 
Penn., upon plans, and under the superintendence of Mr. Roe* 
bling, has 8 bays, varying between 188 and 190 feet in width. It 
is one of the more recent of these structures in the United States. 

The roadway of each bay is supported by two wire cables, of 
4^ inches in oiameter, and by diagonal stayS of wire rope, at^ 
tached to the same point of Suspension as tne cables, and con- 
necting with different points of the roadway-timbers. The ends 
of the cables of each bay are attached to pendulüm-bars, by 
means of two oblique arms, which are united by joints to the 
pendulum-bars. These bars are suspended from the top of 4 
cast-iron columns, inclining inwards at top, which are there firmly 
united to each other ; and, at bottom, anchored to the top of a 
stone pier built up to the level of die roadway-timbers. The 
side columns of each frame are connected throughout by an open 
lozenge-work of cast iron. The fit>nt columns have a like con- 
nection, leaving a sufficient height of passage-way for foot-pas- 
sensers. 

The frame-work of 4 columns on each side is firmly connected 
at top by cast-iron beams, in the form of an entablature. A car- 
riage-way is left between .the two frames, and a footpath between 
the two columns forming the fronts of each frame. 

The points of Suspension of the cables are over the centre line 
of the fbotpaths ; and the cables are inclined so far inwaid that 
the centre point of the cunre is attached just outside of the car- 
riage-way. The suspending-ropes have a ]ike inward inclination, 
the object in both cases being to add stifiness to the System, and 
diminish lateral oscillations. 

The roadway\;onsists of a carriage-way 22 feet wide, and two 
footpaths each 5 feet wide. The roadway-bearers are transversal 
beams in pairs, 35 feet long, 15 inches deep, and 4| inches wide. 
They are attached to the suspending-ropes. The floorinff con- 
sists of 2| inch plank, laid longitudindly over the entire roadway- 
suiface ; and oi a second thickness of 2^ inch oak plank laid 
transrersely over the carriage-way. 
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The parapet, which is on (he piificiple of Town's lattice, ex- 
tends so far below the roadway-oearers that they rest and are 
notched on the lowest choid of the lattice. A second chord em- 
braces them on top, and finally a tbird chord completes the lattice 
at top. The object of adopting this form of parapet was to in- 
crease the resistance of the roadway to undulations. 

MOVEABLE BRIDGES. 

624. The term moüeable bridge. is commonly applied to a 

Jlatform supported by a frame-work of timber, or of east iron, 
y means of which a communication can be foimed or inter- 
Tupted at pleasure, b^tween any two points of a fixed bridge, or 
over any narrow water-way. These bridges are )^nerally de- 
nominated draw-bridgesy but this term is now, for £e most part, 
confined to those moveable bridges which can be raised or low- 
ered by means of a horizontal azis, placed either at one extremity 
of the platform, or at some intermediate point between the two 
ends, and a counterpoise which is so connected with the platfoim 
in either case, that the bridge can.be easily manoeuvred by a 
small power acting through the intermedium of some snitable 
mechanism applied to the counterpoise. The term tuming or 
swinging hrü^e is used when the bridge is arranged to tum 
horizontally around a vertical axis placed at a point between its 
two ends, so that the parts on each side of the axis balance each 
other; and ihe^Xeim.roüing bridge is applied when the bridge 
lesting upon roUers can be shoved forward or backward horizon- 
tally, to open or interrupt the passage. 

To the above may be added another class of moveable bridges, 
used for the same purpose, which consist of a platform 8um>orted 
bjr a boat, or other buoyant body, which can be placed in or 
withdrawn from the water-way, as circvunstances may require. 

625. Local circumstances will, in all cases, determine what 
description of moveaUe bridge will be best. If the width of the 
water-way is not over 24 feet, a Single bridge may be used ; but 
for greater widths the bridge must consist of two symmetrical 
parts. 

626. Dratxyhridges. When the horizontal axis.of this de« 
scription of bridge is placed at the extremity of the platform, the 
bridge is manoeuvred by attaching a chain to thef other extremity, 
which is connected with a counterpoise and a suitable mechanism, 
by which the sliffht additional power required for raising the 
bridge can be applied. 

A number of ingenious contrivances have been put in practice 
for these purposies. They consist usually either of a counter« 
poise of invariable weight, connected with additional ammakmo^ 
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tive power, which acts with constant intensity but with a variable 
arm of lever ; or of a counlerpoise of variaole weight, which is 
assisted by animal motive power acting with an invariable arm of 
lever. In some cases the bridge is worked with a less compli- 
cated combination, by dispensing with a counterpoise, and ap- 
plying animal motive power, of variable intensity, acting with a 
constant or a variable arm of lever. 

Anion^ the combinations of the first kind, the most simple 
consists m placing a framed lever (Fig. 143) revolving on a hori- 

Fig. 143— Shows the man- 
ner ofmancBayiiDg a dnw- 
bridge either by a framed 
lever, or by a coanterpoise 
BUBpended from a spiral 
eccentric. 

A» abutment. 

a, section of the platfonn. 

b, fhimed lever. 

c, chain attached to the 
ends of the. lever ami the 
olatfonu. 

a, strut moveable around 
its lower end. 

e, bar with an articulation 
at each end that confineB 
the strut to the platform. 

/, Spiral eccentno connect- 
ed with the oounterpoise 
«-bya chain paasiugover 
the gurge of the eccentric. 

A, chain for raising the 
bridge, ooe end of which 
is attached to the extre- 
mity of the platform, and 
the other to the ajde of 
the eccentric. 

t, fixed polley over whidi 
the chain k is passed. 

fii, Wheel fixed to the axle 
of the eccentric for the 
purpose of tuming it by 
means of animal power 

Splied to the ei)dleBi 
ainn. 

zontal axis above the platform. The anterior part of the frame 
is connected with the moveable extremity of the platform by two 
chains. The posterior portion, which forms the counterpoise» 
has chains attached to it by which the lever can be worked by 
men. 

When the locality does not admit of this arrangement, the 
chain attached to the moveable end of the platform may be con- 
nected with a horizontal axle above the platform, to which is also 
attached a fixed eccentric of a spiral shape, (Fig. 143,) connected 
with a chain that passes over its gorge and sustains a counter- 
poise of invariable weight. lipon the same axle an ordinary 
wheel is hung, over the gorge of which passes an endless chain 
to manoeuvre the bridge by animal power. 

Of the combinations of variable counterpoises the mechanism 

34 
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of H. PoDcelet, wbicb tiaa been luccessfoIlT api^ed in maaj 
iiutancea in France for the draw-bridgea oi mDitarj voAs, a 
one of the most simplein its arraDgemeDt and constniction. The 
moveable end of the platform (Fig. 144) is connected by a com- 

Tunnwatoradtaw- 
bndft «itb ■ Tari*- 




mon chain, that passes over the gorge of a wheel hung upon a 
harizontal shaft above the platform, with anothei chain of variable 
breadth, formed of flat bar links, which fonns the counterpoise. 
The chain counterpoise is attacbed at its other extremity to a 
fixed point in such a way, that when the platfcarm aacends, a por- 
tton Ol the weight of the chain is bome by this fixed point ; and 
thus the weight of the counteipoise decreaaes as the platform 
rises. The system is manoeuTied by an endless chain passed 
orer the gorge of a wheel hung upcui the horizontal shaft. 

For ligbt platfonns a counterpoise maybe dispensed with, and 
the bridge may be manceuyred t>y connecting the chain attached 
to the moreable end of the platform to a horizontal shaft, which 
is tumed by the usual tooth-work combinations. 

When the locality does not admit of manoeuTring the bridge by 

Fit- I4S-6bOTn the *i- 
muemaal ol s dnw- 
bfidge when tbocoiii- 
lerpöiae i* ratined br 
praoDsmg buk the 
nlaUbim. 

A, abutment. 

ä «eU «f ■ nitoUs 
fonn for mananiTliu 



the platform Ann whia 
tbe brid^ M down. 

a chain connected with some point above the Aame-work of the 
platform, Fig. 145 is continaed back, from two thirds to tbxw 
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fifths its length, from the face of the abutment, to forai a coun» 
terpoise for the platform qf the bridffe. The horizontill axis of 
the bridge is placed near the face of the abutment, and a well of a 
suitable shape to receive the posterior portion of the platform that 
forms the counterpoise is formed behind the abutment. 

The mechanism for working the bridge may consist of a chain 
and capstan below the platform-counteipoise, or of a suitable 
combination of tooth-work. 

in bridges of a single platform, the moveable extremity, when 
the bridge is lowered, rests on the opposite abutment, and no 
intermecUate support will be required for the structure if the 
frame-work be ol sufficient strength ; but when a double bridge, 
consisting of two platforms, is used, the platforms (Fig. 143) 
should be supported near their moveable ends, when the bridge 
is down, by struts moveable around the Joint by which tfaey are 
connected with the face of the abutments. These struts are 
so connected with the bridge that they are detached from it 
and drawn up when it is raised, and fall back into their place», 
abutting agamst blocks near the moveable end of the platform, 
when the bridge is down. By these arrangements the cnains for 
workinf the bridge are relieved from a portion of the strain when 
the bridge is down, and it is also rendered more firm. 

When the counterpoise is formed bythe rear part of the plat- 
form, additional security may be given to the bndge when down 
by attaching two chains beneath the platform, and securing them 
to anchoring-points at the bottom of the weil. In some cases a 
heavy bar, ntted to staples beneath connected with the timbers 
of the platform, is used for the same purpose. 

In double bridges the two platforms wnen lowered should abut 
against each other, giving a sligfat elevation to the centre of the 
bridge. This not only gives greater stiffness, but is favorable to 
detaching the platforms when the bridffe is to be raised. 

For draw, and every kind of moveable bridge, temporary bar- 
riers should be erected on each side at the entrance upon the 
bridge, to prevent accidents by persons attempting to cross the 
bridge before it is properly secured when lowered. 

627. Tuming'briages. These bridges revolve horizontally 
upon a vertical shaft, or gudgeon below the platform, which is 
usually thrown far enouffh back from the face of the abutment to 
place the side of the bridge, when brou^t round, just within this 
face. The weights of the parts of the bridge around the shaft 
should balance each other. 

To Support and manoeuvre the bridge (Fig. 146) a circular 
ring of iron, or roller-way, of less diameter than the breadth of 
the bridge, and concentric with the vertical shaft, is firmly im- 
bedded in masonry. Fixed roUers, in the shape of truncated 
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Gone«, are attacfaed at eqoal distancea apart to the firame-work of 
the platfonu beneath, and rest upon the roUer-way. The bridge 




Flg. 14l(— Repremiti the amn^Biiieiit of a tnininff-bodga. 
«, platfanD of the brid^. 

h, vertical poitB to whioh the iitn itay* n^n are attached. 
e, ▼eitieal flhaft or gadgeoa oa which the 4iridge tniiMk 
o, o, oonical roUeis. 

18 worked by a suitably ananged tooth-work, (ht by a chain and 
capstan. In some cases cast^iron balls, resting on a grooved 
roller-way and fitting into one of corresponding shape fixed be- 
neath the platform, nave been used for manoeuTring the bridge. 

The ends of the bridge are cut ki the shape of circular arcs to 
fit lecesses of a corresponding form in the abutments, so airanged 
as not to impede the play of me bridge. 

In double tuming-bridges the two ends of the platforms which 
come together should be of a curved shape. The platforms 
should be sustained from beneath by struts, like those used for 
draw-bridges, which can be detached and drawn into recesses 
when the passage is interrupted ; or eise they may be arranged 
with a bali-and-socket Joint at their lower extremity, so as to be 
brouffht round with the bridge. For the purpose oi giving addi- 
tionai strength and security to the bridge, iron stays are, in some 
cases, attached on each side of the platform near the extremities, 
and connected with vertical posts piaced in a line with the verti- 
cal shaft. 

Tuming-bridges may be made either of timber, or of cast iron ; 
the latter material is the more suitable, as admitting of more ac- 
curacy of workmanship, and not being liable to the derangements 
caused by the shrinking or waiping of frame-work of timber. 

628. Kolling-bridges. These bridges are piaced upon fixed 
roUerSy so that they can be moved forward or backward, to inter« 
rupt, or open the communication across the water-way. The 
part of the bridge that rests upon the roUers, when the passage 
is closed, must form a counterpoise to the other. The mechan- 
ism usuaJly employed for manoeuvring these bridges consists of 
tooth-work, and may be so arranged that it can be worked by 
one or more persons Standing on the bridge. Instead of fixed 
rollers tuming on axles, iron balls resting in a grooved roller-way 
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may be used, a similar roUer-way ^being affixed to the firame-work 
beneath. 

629. BoaUbridge. A moveable bridge of this kind may be 
made by placing a platfonn to form a roadway.upon a boat, or a 
water-tight box of a suitable shape. This bridge is placed in, or 
withdrawn from the water-way, as circumstances may require, a 
suitable recess or moöring being arranged for it near the water- 
way when it is left open. 

A bridge of this character cannot be convenientlv used in tidal 
waters, except at certain stages of the waler. It may be em- 
ployed with advantage on canals in positions where a fixed bridge 
could not be placed. 

AQUEDUCT-BRIDGES. 

630. In aqueducts and aqueduct-bridges of masonry, for sup- 
plying resenroirs for the wants of a city, or for any other purpose, 
the volume of water conveyed being, generally speaking, small, 
the structure will present no peculiar di£6iculties beyond affording 
a water-tight Channel. This may be made either of masonry, or 
of cast-iron pipes, according to tne quantity of water to be deliv- 
ered. If formed of masonry« the sides and bottom of the Channel 
should be laid in the most careful manner with hydraulic cement, 
and the surface in contact with the water should receive a coating 
of the same material, particularly if the stone or brick used be 
of a porous nature. This part of the structure should not be 
commenced until the arches nave been uncentred and the heavier 
parts of the structure have been carried up and have had time to 
settle. The interior spandrel-filling, to the level of the masonry 
which forms the bottcHn of the water-way, may either be formed 
of solid material, of good rubble laid in hydraulic cement, or of 
beton well settled in layers ; or a System of interior walls, like 
those used in common bridges for the support of the roadway, 
may be used in this case for the masonry of the water-way to 
rast on. 

631. In canal aqueduct-bridges of masonry, as the volume of 
water required for the purposes of navigation is much greater 
than in the case of ordinary aqueducts, and as the structure has 
to be traversed by horses, eyery precaution should be taken to 
procure great ßolidity, and secure the work from accidents. 

Segment arches of medium span will generally be found most 
suitable for works of this character. The section of the water- 
way is generally of a trapezoidal form, the bottom line being 
horizontal, and the two sides receiving a slight batir ; its dimen- 
sions are usually restricted to allow the passage of a single boat 
at a time. On one side of the water-way a horse or towpath is 
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placedy and on the other a nanrow footpath. The water-way 
should be faced with a hard cut-stone masonry, well bonded to 
secure it from damage from the passage of the boats. The space 
between the facing of the water-way, termed the trunk ot the 

Sueduct» and the head-walls, is fiUed in with solid material, either 
nibble or of beton. 

A parapet^wall of the ordinary form and dimensions surmounts 
the tow and footpaths. 

The approach to an aqueduct-bridge from a canal is made by 
gradually increasing the width of the trunk between the wings, 
whichi for diis purpose, usually receives a curved shape, and 
narrowing the water*way of the canal so as to form a convenient 
access to the aqueduct. Great care should be taken to form a 
perfecdy water-tight junction between the two works. 

632. When cast iron or timber is used for the trunk of an 
aqueduct-bridge, the abutments and piers should be built of stone. 
Tne trunk, which, if of cast iron, is formed of plates with flanches 
to connect them, or, if of timber, consists of one or two thick- 
nesses of plank supported on the outside by a firaming of scant- 
ling, may oe supported by a bridge-firame of cast iron, or of tim- 
ber, or be suspended firom chains or wire cables. 

The tow-path may be placed either within the water-way, or, 
as is most usually done, without. It generally consists of a sim- 

Ele flooring of plank laid on cross-joists supported firom beneath 
y suitaUy arranged frame-work. 

633. Tne foUowing succinct descriptions of some of the aque- 
duct-bridges of the United States and of Europe are derived from 
authentic sources. 

Chirk Aqtieduct-Mdge over the Ceriog. This work, built by 
Telford, consists of 10 fiill centre arches of masonry, of 40 feet 
span each. The water-way is only 1 1 feet wide and 5 feet deep. 
The tow-path 6 feet wide. 

The piers of this work, which in some places are over 100 feet 
in height, are built hoUow for some distance below the top ; the 
facing being connected by cross-walls upon which the bottom 
of the water-way, formed of broad iron-nanched plates, and the 
masonry of the sides rest. 

Ponty-Cystile Aqueduct-bridge over the Dee, This is also 
one of Telford's early works. The trunk is of cast-iron plates 
connected by flanches. These rest upon stone piers and upon a 
bridge-firame of cast iron consisting of four ribs of sohd panels. 
The span of the ribs is 45 feet and the rise 7^ feet. 

The breadth of the water-way is 11 feet 10 inches. The tow- 
path is 4 feet 8 inches wide, and is placed within the water-way, 
resting upon cast-iron uprights. 

The canal aqueduct-bric^s at Guitin over the AUier, and at 
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Digoin upon the Loire, are among the more recent structures of 
this character in France. They are both built upon the same 
plan, and of mixed masonry. The first has eignteen arches ; 
the second eleven. The span of each arch is 52^ feet, and the 
rise about 23 feet. The piers are about 10 feet thick at the im- 
post. The breadth of the aqueduct between the heads is 31 feet, 
and that of the water-way about 16 feet 

Rochester Canal Aqueduct-bridge. This is the most recent 
and the largest aqueduct-bridge built entirely of masonry in the 
United States. It consists of seven segment arches. Its water- 
way is of sufficient width for the passage of two boats, and is 
adapted to the enlar^ement of the Erie canaL The span of each 
arch is 52 feet; the rise 10 feet. The key-stone is 2 feet 
6 inches in depth, and the top of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impost. The 
water-way is 9 feet in depth, the masonry of the sides receiving 
a batir of 2 inches in one foot. The depth of water is 7 feet, 
and the width at the water-line 45 feet. The sides of the water- 
way, the top surface of which forms the tow-paths, are 1 1 feet in 
width at top, including the projection of the coping. The trunk 
at each extremity is gradually enlarged, in a curvcd shape, to the 
width of 55 feet, where it unites with the slopes of the water-way 
of the canal. 

This work is built throughout in a very streng and superior 
manner, of heavy blocks of gray lime-stone laid in hydraulic 
mortar. 

Potomac Canal Aqueduct-bridge, This work, originally in- 
tended to be of stone throughout, was to have consisted of twelve 
oval arches of eleven centres, the span- of each being 100 feet, 
and the rise 25 feet Every third pier forms an abutment-pier, 
and is 21 feet thick at the impost ; the others are only 12 feet 
thick at the same level. The piers have been built upon the 
original design, but a wooden superstructure, consisting of the 
trunk of the aqueduct, a tow-path, and the firame-work for their 
Support, has been substituted lor the stone arches. 

rhe trunk (Fiff. 147) is formed of a frame consisting of two 
parallel open-built beams, connected at bottom by parallel cross- 
]oists and horizontal diagonal braces, which are sheathed on the 
interior with plank to form the water-way. 

Each of the open-built beams is composed of a top and bottom 
string, connected by uprights that project above and below the 
strings, and by single diagonal braces placed between each pair 
of uprights. 

Tne tow-path is placed on the outside of the trunk, and con- 
sists of a flooring laid upon cross-joists placed between one of the 
built beams of the trunk and a third parallel to it 
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The exterior-built beam of the tow-path is firamed of smaller 
scantling than the other two. It is connected with the built 




Fig. i47~RepfM6iits a criMi fleotkm of the tmnk and tow-path of the 
Potomac canal aqueduct-bridge. 

A, interior of trank. 

B, tow-path. 

a, o, apnghts of the open-bniH beaim on the ndee of the trank. 
ht uprifrht of the open-built beam of the tow-p^. 
e. lower atrings ofthe built beanw. 

d, Upper string. 

e, croB»;ioi8tBon which the eheathing of the bottom of the trank mli. 
n, croa»-jout8 of the tow-path. 

m, Teitieal diagonal bracee between the cnw Joiati. 
/, panpet. 

beam of the trunk by every fourth cross-joist of the tmnk, by the 
top cross-joists of the flooring, and by yertical diagonal braces 
placed between each pair of top and bottom cross-joists. 

The uprights of the exterior-bnilt beam of the tow-path pro- 
ject suflSciently high above the flooring to form a parapet. 

The frame-work of fhe trunk and tow-path is supported at 
intermediate points from beneath by inclined struts which abut 
against the faces of the piers at a point above the high-water 
level. 

The section of the water-way is rectangular. The interior 
width is 17 feet; the height of the sheathing 8 feet 4 inches 
within ; and the depth of water 4 feet 4 inches. 

The surface of the tow-path is 6 feet wide between the uprights 
of the buih beams, and is on a level with the top of the sheathing. 
The exterior parapet is 3 feet 10 inches above the level of the 
tow-path, and an interior parapet, 2 feet above the same level, is 
formed by a capping on the uprights of the built beam, making 
the height of tne capping on each side of the trunk 10 feet 4 
inches above the sheathing of the bottom. 

The frame-work of this structure is simple in its combinations 
and well arranged both for strength and stifihess. 

Wire Suspension Canal Aqueduct-bridge orer the Alleghany 
river at PiUsburgh. This novel work (Fig. 148) was jdanned 
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■ecüooof tiie tnuik, &c., tf (o 

A, pien. 

B, Supintt) afmtiKHiiT on ths ;ien lor Ihe win oblea. 

C, inlerior of a portioD af the tränk. 

0, crDH-joidti mispen(l«d riwn the caUea m br tue Mut 
an wbich the boUoai 'e of tiuuk lorti. 

1, inclined itnitB in pain connected with (he piscM e tt> Eoppoit tha lidn d 
ofttietmnlc. 

p,b)w-pUh. 

■, elon-JoMB of the tow-p>th. 

r, IncUned cupporla of «. 

1 and o, panpeti. 

i, gleepera oa tcv of the pien OD which the cnMjojA a imL 

and constructed by Mr. Roebling, through wbom the following 
detailed deecription was obtained : 

"ThiB work ie fornied of seven spans of 160 feet each from 
centre to centre of pier. The trunk ia of wood and 1 140 feet 
long, 14 feet wide at botlom, 16| feet wide on top ; the flides 6^ 
feet deep. These as well as the bottom are composed of a 
double course of 2^ inch white-pine plank laid diagonally, the 
two courses crossing each othei at right angles, so as to form a 
solid laltice-work of great slieogth and stiffhess, suf&cient to bear 
its own weigbt and resist the effects of the most vioient atorms. 
The bottom of the trunk lests upon transverse beams, airanged 
in pairs 4 feet apart ; between these the posts which aupport the 
sides of the tnink are let in with dove-tailed tenons, secured by 
bolts. The outside posts which support the side-walk and tow- 
path incline outwards and are connected with the beams in a 
eimilar manner. Each trunk-post is held by two braces Z|xlO 
inches, and connected with the ouuide posts by a double joist of 
S^xlO. The trunk-postfl are 7 inches aquare at the top and 



7x14 at the heel. The transrene beams are 27 feet long, 16 
inches deep, and 6 inches wide ; the Space between the two ad- 
joiiiing is 4 inches. It will be obsenred that all parts of the 
firame, with the exception of the posts, are double, so as to admit 
the suspension-rods. Each piur of beams is supported on each 
side Ol the tnink by double suspending-iods ot 1^ inch round 
bar-iron, bent in the shape of a stiirup, and mounted on a small 
cast-iron saddle, which rests on the caole. These saddles are on 
top of the cables connected by links, which diminish in size from 
the pier towards the centre. The sides of the trank rest solid 
against the bodies of masonry, which are erected on each pier 
and abutment as bases for the pyiamids which support the cables. 
These pyramids, which are constnicted of tbree blocks or courses 
of a durable coarse-grained haixi mountain sand-stone, rise 5 feet 
aboTC the level of the side-walk and tow-path, and measure 3x5 
feet on top, and 4x6^ feet in base. The side-walk and tow-path 
being 7 feet wide, leave 3 feet space oiitside for the passage of 
the pyramids ; the ample width of the tow and footpath is there- 
fore contracted on every pier ; but this airangement proves no 
inconvenience, and was necessary for the Suspension of the cables 
next to the trank. 

" As the CUM which cover the saddles and cables on the pyra- 
mids rise 3 feet above the inside, or trank-railing, they would 
obstruct the pässage of the tow-lme ; this howeyer is obviated 
by a slide-rod of round iron, which passes over the top of the cap 
and forms a gradual slope down to the railmgoneach side of the 
pyramid. 

'^ The wire cables, which are the main support of the stracture, 
are suspended next to the trunk, one on each side. Each of 
these two cables is exactly 7 inches in diameter, perfectly solid 
and compact, and constnicted in one piece from shore to shorCi 
11 75 feet lonff ; it is composed of 1900 wires of | inch diameter, 
which are laid parallel to each other. Great care has been taken 
to insure an equal tension of the wires. The oxidation of the 
wires is guarded against by a varnish applied to each separately. 
The preservation of the cables is insured by a close, compact, 
and'continuous wrap|Hng, made of annealed wire and laid on by 
machinery in the most perfect manner. 

^^ The extremities of the cables on the aqueduct do not extend 
behw ground, but connect with anchor-chains, which in a curved 
line pass tbroug^ large masses of masonry, the last links occupy- 
ing a vertical position. The bars composing these chains aver- 
age l|x4 inches, and are from 4 to 12 feet long; they are 
'manuiactured of boiler-scr^tp, and forged in one piece without a 
weld. ' The extreme links are anchored to heavy cai^t-iron plates 
'Of fr feet Square, which are held down by the foundations. upon 
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which the weicht of TOOperches of masonry rests. The stability 
of thi» part oi the structure is fully insurea, as the resistance of 
the anchorage is twice a3 great as the greatest straia to which the 
chains can ever be subjected. 

" The plan of anchorage adopted on the aqneduct raries mate* 
rially from diese methods usuaDy applied to Suspension bridges» 
where an open Channel is formed under ground.for the passage 
of the chains. The chain» below ipround ase imbedded and com* 
pletely suiroiuided by cement In the construction of the ma- 
sonry this material mi common lime-mortar hate been abundantly 
applied. The bars are painted with red lead : their presenration 
is rendered.cerlain by the known. quality of calcareous cements to 
prevent oxidation. If moisture should find its way to the chains, 
it will be saturated with lime, and add another odcareous coat- 
ing to the iron. This portion of the worii has been execated 
with scrupolous care, so as to render it unnecessary, on the part 
of those who exercise a sunreiUance over the structure^ to examine 
it. The repainting of the cables every two or three years vrill 
insure their duration for a long period. 

'' Where the cables rest on the saddles, their size is increased 
at two points, by introducing short wires and forming swells 
which fit into correspondinff recesses of the casting. Belween 
these swells the caole is lorcibly held down by three sets of 
streng iron wedges, driven through openings which are cast in 
the sides of the saddle. During the raisinff of the firame-work, 
the several arches were firequendy subjected to very uneoual and 
considerable forces, which never msturbed the balance, ana proved 
the correctness of previous calculadons. The woodwork in any 
of the arches, separately, may be removed and subsututed by new 
material, without affecdng the eauilibrium of the next one. 

'* The original idea upon which the plan has been perfected, 
was to form a wooden trunk^ streng enough to support its own 
weight, and stiff enough for an aqueduct, or bridge, and to com- 
bine this structure wim wire cables, of a sufficient strength to 
bear safely the great weight of water. 



** Table of QuantiHes an Aqueditct. 



Leogth of aqaedoct withoat extenaions 
Length of cables .... 
Length of cables and chains 
Diameter of cables 
Aggregate weight of both cables 
Section of 4 feet of water in trank . 
Total weight of water in aqoednct . 
Do. do. in one span . 

Weight of one span including all 
Aggregate number of wires in both cables 



1140 feet. 
1176 " 
1383 '* 
Tinches. 

110 tons. 
69 Buperf. leeC. 
9100 tons. 

996 " 

490 '' 
3800 
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Amegtte a^lid aaction of both eables ... 53 rapaf. indi* 

jDo. do. anchor-ehaiiis 79 " 

Delleetimi of eables 14 feet 6 ineh. 

Eleration from tojp of p^nmids to top of pien . 16 ^ 6 ** 

Weigfat of wftter in oae span betweeo piert 975 toos. 

Teosioo of cables retulting from this weight 309 " 

Tension of one single wire 906 Ibs. 

Ayerage oltimate strenffth of one wire 1100 '* 

Uhinmte Btrength ofeables 9000 tons. 

Teonon remilting fxom weigkt of wmter npon 1 eolid 

•qoaie iaeh of wire eeUe 14800 Ibe. 

Teonon leeolting from weiglit of water npon 1 eqoare 

ineh of anchor-chains 11000 '* 

Preeeore reenlting from water apon a pyramid • 1374 tons. 

Do. opon one rapeifieial foot 18400 iba.'* 
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ROADS. 

634. In establishing a line of intenial communication of any 
character, whether it be an ordinary Foad, railroad, or canal, the 
mam considerations to which the attention of the engineer must 
be directed in the outset are — 1, the probable character and 
amount of traJic oyer the line ; 2, the wants of the Community 
in the neighborhood of the line ; 3, the natural features of the 
country, between the points of arrival and departurej a8 regaids 
their adaptation to the proposed communication. 

As the last point alone comes exciusively within the proiince 
of the engineer's art, and within the limits prescribed to this w<»rky 
attention will be confined solely to its consideration. 

635. Reconnaissance. A thorough examination and study of 
the ground by the eye, tenned a recormaissance^ is an indis- 

Eensable preUminary to any more accurate and minute survey 
y instrumentSy to avoid loss of time, as by this more rapid Ope- 
ration any ground imsuitable for the proposed line will be as cer- 
tainly detected by a person of some experience, as it could be by 
the slow process of an instrumental survey. Before however pro- 
ceeding to make a reconnaissance, a careful inspection of the 
general maps of that portion of the country through which the 
communication is to pass, will facilitate, and may considerably 
abridce, the labors of the engineer ; as from the natural features 
laid down upon them, particularly the direction of the water- 
coursesy he will at once be able to detect those points which will 
be faYorable, or otherwise, to the general direction selected for 
the line. This will be sufficiently evident when it is considered 
— 1, that the water-courses are necessarily the lowest lines of 
the Valleys through which they flow, and that their direction must 
also be tnat of the lines of greatest declivity of their respective 
Valleys ; 2, that from the position of the water-courses the position 
also of the high grounds by which they are separated naturally 
foUowSy as well as the approximate position at least of the ridges, 
or highest hnes of the high grounds, which separate their opposite 
slopes, and which are at the same time tiie hnes of greatest de- 
clivity common to these slopes, as the water-courses are the cor- 
responding lines of the slopes that form the Valleys. 

Keeping these facts (which are susceptible of rigid mathemati- 
cal demonstration) in view, it will be practicable, nrom a careful 
examination of an ordinary general map, if accürately constructed, 
not only to trace, with considerable accuracy, the general direc- 
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tion of the ridges firom having that of the water-couraes, but also 
to detect those depressions in them which will be £iToiable to the 
paasage of a communication intended to connect two main or two 
Becondary Valleys. The following illustrations may senre to place 
this subject in a clearer aspect.' 

If, for ezample, it be found that on any portion of a map the 
WBter-counes seem to divexge fromiir caoiwtisgo ^amrntdfBKmtfpointy 
it will be evident that the gnmnd in the first ^casd 'mast .ms the 
common source or suj^ly of the water-ooorses, and thecelbre the 
hi^est ; and in the second case that it is the lowest, 'andfonns 
their common lecipient. 

If two water-K^ounes flow in opposite diiections firom a common 
point, it will show that this is the point firom which theydenTe 
their conmion supply, at the head of their respecdve Talleys, and 
that it must be fed by the slopes of hig^ gromKls above this point ; 
<Mr, in other woids, tnat the yalleys of tl^ two water^comses are 
separated by a chain of high gnrands, which» at.the point where 
it crosses thnu, presents a dquression in its lidge, which would 
be the natanl pontioo for a communication coonecting the two 
Valleys. 

If two water-counes flow in the same diiection and jBaiallel to 
each other, it will simply indicate a ^nenl incUnation of the 
ridge between them, in the same direction as that of the water- 
courses. The ridge, however, maypresent in its conine elcTa- 
tions and depressions, which will be indicated by the points in 
which the water-courses of the secondary Valleys, on. each aide 
of it, intersect each other on it;. and these wul be the lowest 
points at which lines of communication, throBghthe secondaiy 
Valleys, connecting the main wateivcoiirses, wotudoross die divi- 
dinff ridge. 

n two water-courses. flow in the sane direction, andparallel 
to each other, and then at a certain point assume divergent direc- 
tions, it will indicate that this is the lowest point of the ridge be- 
tweeen them. 

K two water-courses flow in paraUel but opposite directions, 
depressions in the ridge between them will be shown by the 
meeting of the water-courses of the secondary Valleys on the 
ridge ; or by an approach towaids each other, at any point, of 
the two principal water-courses. 

Fumished with the data obtained from the maps, the character 
of the xround should be car^Uy studied both ways by the en- 
gineer, nrst from the point of departnre: tothat ofarrival, and then 
retnming. from the • latter to die former, as without this double 
traverse natural features of essential importanoe might escape 
the eye« 

686. Surveys. Fn»n the results of the reconnaissance, the 
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engineer will be able to direct understandingly the liequisite sur- 
veysy whkh consist in measuring the len^s, detenniniiiff the 
directions, and asoertaining both the longitudinal and cross le^els 
of the different routes« or, as they «re tenned, triaJ lines, vdih 
sufficient accuiacy to enabk him to make a comparative estimate 
both of their practicability and cost. As the expense of making 
the requisite suireys.is usually but. a small item compared with 
that Ol constractingthe Gomniujiication, nolabor shouldbe spared 
in running every practicable line, as othe^nwii e natural features 
might be overlooked which might have an important influence on 
the cost of construction. 

637. Map and Memoir. The results of the sunreys are ac- 
curately embodied in a map exhibiting minutely the topogiapbical 
features and sections of the different trial lines, and in a memoir 
which should contain a particular description of those features of 
the ground that cannot be shown on a map, with all such infor- 
mation on other points that may be regarded as favorable, or 
otherwise, to the proposed communication ; as, for example, the 
nature of the soil, that of the water-courses met with, &a, &c. 

638. Location of common Roads, In selecting among the 
different trial-lines of the survey the one most suitable to a com« 
mon road, the engineer is less restricted, from the nature of the 
conveyance used, than in any other kind of communication. The 
main points to which bis attention should be confined are — 1, to 
connect the points of arriral and departure by the most direct, or 
shortest line ; 2, to avoid unnecessary ascents and descents, or, 
in other words, to reduce the ascents and descents to the smdlest 

}>racticable limit ; 3, to adopt such suitable slopes, or gradientSy 
or the Oxis, or centre line of the road, as the nature of the con- 
veyance may demand ; 4, to give the axis such a position, with re- 
gard to the surface of the ground and the natural obstacles to be 
overcome, that the cost of construction for the excavations and 
embankments required by the gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deyiations firom the right hne drawn on the map, between 
the points of arrival and departure, will be often demanded by the 
natural features of the ground. In passing the dividing ridges 
of main, or secondaiy Valleys, for example, it will frequently be 
found more advantageous, both for the most suitable gradients, 
and to diminish the amount of excavation and embankment, to 
cross the ridge at a lower point than the one in which it is inter- 
sected by the right lipe, deviating from the right Une either 
towards the head^ or upper part of the Valley, or towaids ita out- 
let, according to the acnranta^es presented by the natural features 
of the ground, both for reducmg the gradienta and the amount of 
excavation and embankment. 
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Where the right Iine intersects either a marsh, or water-coorse, 
it may be found less expensire to change the direction, avoiding 
the marsh, or intersecting the water-course at a point where the 
cost of constrnction of a bridge, or of the approaches to it, will 
be more favorable than the one in which it is intersected by the 
right Iine. 

Ghanas from the direction of the rig^t Iine may also be fa- 
vorable for the puipose of aroiding the intersection of secondary 
water-courses ; of gainin^ a better soil for the roadway ; of giv- 
ing a better exposure of its surface to the sun and wmd ; or of 
procuring better materials for the road-covering. 

By a careful comparison of the advantages presented by these 
different features, the encineer will be enabled to decide now far 
the general direction of tne right hne may be departed from with 
advantage to the location. By choosing a more sinuous course the 
length of the Iine will often not be increased to any very consider- 
able degree, while the cost of constrnction may be greatly re- 
duced, either in obtaining more favorable gradients, or in lessening 
the amount of excavation and embankment. 

640. When the points of arrival and departure are upon dif- 
ferent levels, as is usually the case, it wiU seldom be practicable 
to connect them by a continual ascent. The most that can be 
done will be to cross the dividing ridges at their lowest points, 
and to avoid, as far as practicable, the intersection of considerable 
secondary Valleys which miffht require any considerable ascent 
on one side and descent on the other. 

641. The gradients upon common roads will depend upon the 
kind of material used for the road-covering, and upon the State 
in which the road-surface is kept. The gradient in all cases 
should be less than the angle of repose, or of that inclination of 
the axis of the road in which the orainary vehicles for transporta- 
tion would remain at a State of rest, or, if placed in motion, would 
descend by the action of gravity with uniform velocify. 

The gradients corresponding to the angle of repose have been 
ascertained by experiments made upon the various road-coverings 
in ordinary use, by allowing a vehicle to descend along a road 
of variable inclination until it was brought to a State of rest by 
the retarding force of fiiction ; also, by ascertaining the amount of 
force, termed the force oftractioriy requisite to put in motion a 
vehicle with a given load on a level road. 

The foUowing are the results of experiments made by Mr. 
Macneill, in England, to determine the force of traction for one 
ton upon level roads. 
No. 1. Good pavement, the force of traction is . 33 Ibs. 

^ 2. Broken stone surface laid on an old flint road 65 " 

" 3. Gravel road 147 « 



No. 4. Bn&en*stoiie Bui&ce cm a rongh* payement 

bottom 46 Ibs. 

" ö. Broken-stone surface on a bottom of beton . 46 '' 

From this it appears that the angle of repose in the &rst case 
is represented by fü^t or ^V nearly ; and that the slope of 
the road should therefore not be greater than one perpendicular 
to sixty^eight in length ; or that the height to be overcome must 
not be greater than one si^cty-eighth of the djstance between the 
two points measured along the road» in order that the force of 
friction may counteract tlmt of gravity in the direction of the 
road. 

A similar caiculation will show that the angle of repose in the 
other cases will be as foUows : 

No. 3, . . . . 1 to . . .35 nearly. 
"3, . . . . 1 to . . . 16 " 
" 4 and 6, • . . 1 to . . . 49 " 

These. numbers, which give the angle of repose between ^j 
and fV ^^^ ^^ kinds of road-coyering Nos. 2 and 4 in möst or- 
dinary use, and corresponding to a road-surface in good order, 
may be somewhat increased, to from ^V ^^ 7V' ^^^ ^^ ordinary 
State of the surface of a well-kept road, without there being äny 
necessity for ^pplying a brake to the wheels in descending, or 
going out of a trot in ascending. The steepest gradient that can 
be allowed on roads with a broken-stone covering is about j\, as 
this, from experience, is found to be about the angle of repose 
upon roads of this character in the State in which they are usually 
kept. Upon a road with this inclination, a horse can draw at a 
walk bis usual load for a lerel without requiring the assistance 
of an extra horse ; and experience has farther shown that a horse 
at the usual Walking pace will attain, with less apparent fatigae, 
the summit of a gradient of ^V 1^ nearly the same time that he 
would require to reach the same point on a trot over a gradient 

of yV 

A road on a dead level, or one with a continued and uniform 
ascent between the points of arrival and departure, where they lie 
upon different levels, is not the most favorable to the draft of the 
horse. Each of these seems to fatigue him more than a line of 
altemate ascents and descents of slight gradients ; as, for exam- 
ple, gradients of rivt ^P^n which a horse will draw as heavy a 
load with the same speed as upon a horizontal road. 

The gradients should in all cases be reduced as far as prac- 
ticable, as the extra exertion that a horse must put forth in over- 
coming heavy gradients is yery considerable ; they should as a 
general rule, therefore, be kept as low .at least*as ^\y whereyer 
the ground will admit of it. This can generaUy be effected, eyen 
in ascending steep hiU-sides, by giying the axis of the road a 2ig- 

36 
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»Ig directioQ, conoectiiMr the strairiit portMxui of tbe zigzags by 
circular arcs. The giadients of me curved porttons of the zig- 
sags should be rednced, and the roadway also-i^ theae points be 
widenedy for the safety of Tehiclea desceadiiig rajpidly. The 
width of the roadway may be increaaed about one lourth, when 
the angle between the straight pom'on» of the zigzafs is from 
120^ to 90° ; and the increaae muld be nearly one half where 
the angle is from 90° to 60°. 

642. Havinff laid down «pon the map the amKroodnnte location 
of the axia of die road, a conqiMtrison can then be made between 
the aoUd contents of the excavations and embankments, which 
should be so adjusted tbat they shalMmlance eachother, or, in 
other woids, the necessary excavations sliaH fbiaiafa sufficient 
earth to form the embankments. To effect this, it will fiequently 
be necessary to alter the first location, by shifting the position of 
the azis to tne right or left of the position first assumed, and also 
by chanffing the gradiento within the prescribed limits. This 
is a problem of verj considerable intrioacy, whose Solution can 
only be arrived at by successire approzimations. For this pur- 
pose, the line must be subdivided mto seyeral portions, in each 
of which the eoualization should be attempted independently of 
the resty instead of trying a general equahzation^ for the whole 
line at once. 

In the calculations of solid contents required in balancing the 
ezcavations and embankments, the most accurate method consists 
in subdividing the different solids into otherä of the most simple 
geometrical ßnns, as prism», prismoids, wedget, <ii>d pyiamids, 
whose soUdities are readily determined by the oidinaiy rules for 
the mensuration of soUds. As this process, howevery is firequenüy 
long and tedious, other methods lequiring less time but not so 
accurate, are generally preferred, as thdbr results gi^e an approx- 
imation sufficiently near the true for most practical purpesea. 
They consist in taking a number of equidistant profiles, and cal- 
culating the solid contents between each pair, either by multiply- 
ing the half sum of their areas by thedistance between them, or 
eise by taking the proBle at the middle point between each psir, 
and multiplying its area by the same length as before. The 
latter method is the more expedkioos ; it gives less ihan the true 
solid contents, bat a nearer approximation than the foimer» which 

gveä more than the true sofid contents, whatever may be the 
rm of the ground between each pair of cross profiles. 
In calculating the solid contents, allowaace must be made for 
the difference in bulk between the düferent kinds. of. earth when 
occupying their natural bed and when made into embankment. 
From some carefiil experiments en this point made by Mr. Elwood 
Moiris, a civil engineer, and published in the Franklin Journal» 
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it appears that light sandy earth occupies the same space both in 
excavation and embankment ; clayey earth about one tenth less 
in embankment than in its natural bed ; gravelly earth also about 
one twelfth less; rock in large fra^ents al)out five twelfths 
more, and in small fragments about six tenths more. 

643. Another problem connected with the one in question, is 
that of determinine the lead^ or the ine^an distance to which the 
earth taken £rom we excavations^ nuist be carried to form the 
embankments. From the masner in which the earth is usually 
transported from the one to the othec, thia distance is usually that 
between the centre of gravity of the solid of excavation and 
that of its corresponding embankment. Whatever disposition 
naay be made of the solids of excavation, it is important, so far 
as me cost of their removal is concemed, that the lead should be 
the least possible. The Solution of the problem under this poiiit 
of view will frequently be extremely intricate, and demana ^e 
application of all the resources of the hiffher analysis. One gen: 
eral principk however is to be observed in all cases, in ordei: to 
obtain an approximate Solution, which is, that in the removal o{ 
the di£ferent portions of the solid of excavation to their corre- 
sponding positions on that of the embankment, the paths passed 
over by their respective centres of gravity shall not cross each 
other either in a horizontal, or vertical direction. This may in 
most cases be effected by intersecting the solids of excavation 
and embankment by vertical planes in the direction of the re- 
moval, and by removing the partial soUds between the planes 
within the bpundaries marked out by them. 

644« The definitive location having been seUled by again eoing 
over the line, and comparing the features of the ground witn the 
results fumished by me preceding Operations, general and de- 
tailed maps of the mfferent divisioas of the definitive location aie 
prepared, which should give, with the utmost accuracy, the lon- 
gitudinal and cross sections of the natural ground, and of the ex- 
cavations and embankments, with the horizontal and vertical 
measurements carefuUy vmtten upon them, so that the superin- 
tending engineer may have no difficulty in setting out the wprk 
from them on the ground. 

In addition to these maps, which are mainly intended to guide 
the engineer in regulating the earth-work, detailed dravnngs of the 
road-covering, of the masonry and caipentry of the bridges, cul- 
verts, &c., accompanied by written specifications of the manner 
in which the various kind of work is to be perfonned, should be 
prepared for the guidance both of the engineer and wcH'kmen. 

645. With the data fumkhed by the maps and drawings, tjba 
engineer can proceed to set out the line on the ground. The 
axis of the road is determined by placing Moutstakes, io€ piirk^t«» 
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at equal intenrals apart, which are numbered to ocmnespond with 
the same points on the map. The width of the roodway and the 
lines on the groand coiresponding to the side slopes of die exca- 
▼ations and embankments, are laid out in the same manner, by 
stakes placed along the lines of the cross profiles. 

Besides the numbeis marked on the stakes, to indicate their 
Position on the map, other numbers, showing the depth of the 
excarations, or the height of the embankments from the snrfiice 
of the ground, accompanied by the letters Cut. FtU. to indicate a 
cuttingy ot KfiUingj as the case may be, are also added to guide 
the workmen in their Operations. The positions of the stakes on 
the ground, which show the principal points of the axis of the 
road, should, moreover, be laid down (m the map with great ac- 
curacy, by ascertaining their bearings and distances from any fixed 
and marked objects in their ricinity, in order that the points may 
be readily found should the stakes be subsequently misplaced. 

646. Earth-ioork. Tliis term is ajmlied to whatever relates to 
the construction of the excavations ana embankments, to prepare 
them for receiving the road-covering. 

647. In forming the excavations, the inclination of the side 
slopes demands peculiar attention. This inclination will depend 
on the nature of the soil, and the action of the atmosphere and 
internal moisture upon it. In conunon soils, as ordinary garden 
earth formed of a mixture of clay and sand, compact clay, and 
compact stony soils, although the side slopes would withstand 
▼ery well the effects of the weather with a ffreater inclination, it 
is best to give them two base to one perpendicular ; as the sur- 
face of the roadway will, by this arrangement, be well exposed 
to the action of the sun and air, which will cause a rapid evapo- 
ration of the moisture on the surface. Pure sand and gravel may 
require a greater slope, according to circumstances. In all cases 
where the depth of the excavation is great, the base of the slope 
should be increased. It is not usual to use any artificial means 
to protect the surface of the side slopes from the action of the 
weather ; but it is a precaution which, in the end, will save much 
labor and expense in keeping the roadway in good order. The 
simplest means which can be used for this purpose, consist in cot- 
ering the slopes with good sods, (Fig. 149,) or eise with a layer 

¥iß. 149— Ctob MCkion of a nad 
in excavatkm. 

A, load-fliiiface. 

B, aide dojpea. 

C, top 8iinao»-<Inlii. 

of vegetable mould about four inches thick, carefuUy laid and 
sown with grass seed. These means will be amply sufficient to 
protect die side slopes from injury when they are not exposed to 
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any other causes of detenoraüon than the wash of the rain, apd 
the action of frost on the ordinary moisture retained by the soil. 

The side slopes form usually an unbroken surface from the 
foot to the top. But in deep excavations, and particularly in soils 
liable to shps, they are sometimes fodned with horizontd ofTsets, 
tenned benchesy which are made a few feet wide and have a ditdi 
on the inner side to receive the «urface-water from the portion of 
the side slope above them. These benches catch and retain the 
earth that may fall from the portion of the side slope above. 

When the side slopes are not protected, it will oe well, in lo- 
calities where stone is plenty, to raise a small wall of dry stone 
at the foot of the slopes, to prevent the wash of the slopes from 
being carried into the roadway. 

A covering of brush wood, or a thatch of straw, may also be 
used with good effect ; but, from their perishable nature, they 
will require frequent renewd and repairs. 

In excavations through solid rock, which does not disintegrate 
on exposure to the atmosphere, the side slopes might be made 
perpendicular ; buit as this would exclude, in a great decree, the 
action of the smi and air, which is essential to keeping me road- 
surface dry and in good order, it will be necessary to make the 
side slopes with an inclination, varying from one base to one 
perpendicular, to one base to two perpendicular, or even greater, 
according to the locality; the inclination of die slope on the 
south side in northem latitudes being greatest, to expose better 
the road-surface to the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed to moisture and the action of frost. The side 
slopes in rocks of this character may be cut into steps, (Fig. 150,) 




and then be covered by a layei of vegetable mould sown in grass 
seed, or eise the earth may be sodd^ in the usual way. 

648. The stnttified soils and rocks, in which the strata have a 
dipf or inclination to the horizon/ are liable to slips, or to give 
way bjr one Stratum becominff detached and sliding on another ; 
which is caused either from the action of frost, or from the pres- 
sure of water, which insinuates itself between the strata. The worst 
soils of this character are those formed of altemate strata of clay 
and sand ; particularly if the clay is of a jiature to become semi- 
fluid when mixed with water. The best präventives that can be 
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rescnted to in these cases, are to adopt a thorougli System of 
drainacey to prerent the sui&ce-water of the ground orom tuH' 
oiDg down tne side slopes, and to cut off all Springs which nin 
towaids the roadway from the side slopes. The surface-water 
mjiy be cut off by means of a Single oitch (Fig. 149) made on 
the up-hill side of the road, to catch the water Wbre it reaches 
the slope of the excavation, and convey it off to the natural 
water-courses most .convenient ; as, in annost every case, it will 
be found that the side slope on the down-hill side is, compara- 
tively speaking, bat sUffhtly affected by the surface-water. 

Where shps occur nrom the action of Springs, it freqiiently 
becomes a veiy difficult task to secnre the side slopes. If the 
sources can be easily reached by excavating into the side slopes, 
drains formed of layers of fascines, or brush-wood, may be placed 
to give an outlet to the water, and prerent its action npon the 
side slopes. The fascines may be corered on top with good 
sods laid with the crass side beneath, and the excavation made 
to place the drain be fiUed in with good earth well ranmied. 
Drains formed of broken stone, covered in like manner on top 
with a layer of sod to prevent the drain from becoming choked 
with earth, may be used under the same circumstances as fascine 
drains. Where the sources are not isolated, and the whole mass 
of the soil forming the side slopes appears saturated, the drainage 
may be effected by excavating trenches a few feet wide at inter- 
yals to the depth of some feet into the side slopes, and filling 
them with broken stone, or eise a general drain oi broken stone 
may be made througfaout the whole extent of the side slope by 
ezcavating into it. When this is deemed necessary, it will be 
well to arrange the dndn like an inclined retainin^-wall, with 
buttresses at intenrals projecting into the earth farmer than the 
ffeneral mass of the drain. The front face of the drain should, in 
this case, also be corered with a layer of sods with the grass side 
beneath, and upon this a layer of ffood earth should be compacüy 
laid to form the face of the side slopes. The drain need only be 
carried high enouffh above the foot of the side slope to tap all the 
sources ; and it should be sunk sufficiently below the roadway- 
surface to give it a secure footing. 

The drainage has been effected, in some cases, by sinking 
wells or shafis at some distance behind the side slopes, from the 
top surface to the level of the bottom of the excaration, and lead- 
ing the water which collects in them by pipes into drains at the 
foot of the side slopes. In others a narrow trench has been ex- 
cavated, parallel to the axis of the road, from the top surface to 
a sufficient depth to tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench wholly 
with broken stone, or eise by arranging an open conduit at the 
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bottdm to leeeir« the water collected, over which a layer of 
bruahwood is laid, the remainder of the trench beiog filled with 
broken stone. 

In some recent instances in England, theside slopes of very 
bad Boils have been secured by a facing of brick arranged in a 
manner very similar to the method resorted to for secuiing the 
perpendicular sides of narrow deep trenches by a timber-facing. 
The plan pursued is to place, at intervals aIoh|^ die excavation, 
strong buttresses of brick on each «ide, opposite to each other, 
and to connect ihem at bottom by a. reversed aroh. Between 
these bnttresses are plaoed, at suitabie heights, one<Mr more brick 
beams, formed at bottom with a flat segment arch, and at top 
with a like inverted arch. The buttresses, secured in this way, 
senre as piers for vertical cylindrical arches, which form the 
facing ana support die pressure of the earth between the but- 
tresses. 

649. In formmg the embankments, (Fig. 151,) the aide slopes 




should be made widi a less inclinatiffli than that which the earth 
naturally assumes ; for the purpose of giving them greater dura- 
bility, and to prevent the width of the top surface, along which 
the roadway is mäde, from diminishin^ by every change in the 
side slopes, as it woiüd were they roaoe with the natural slope. 
To protect the side slopes more effectually, they should be sod-» 
ded, or sown in grass seed ; and the sumce^water of the top 
should not be allowed to run down th^n, as it would soon wasn 
them into gullies, and destroy the. embankment. In localities 
where stone is plenty, a sustaining wall of dry stone may be ad- 
Tantageously substituted for the side slopes. 

To prevent, as far as possible, the settling which takes place 
in embankments, they snould be formed with great care ; the 
earth being laid in successive layers of about four feet in thick- 
ness, and each layer well settlea with rammers. As this method 
is Tery «xpensive, it is seldom resorted to except in works which 
require ffreat care, and are of trifling extent. For extensive 
works, the method usually foUowed on account of economy, is 
to embank out irom one end, carrying forward the work on a 
level with the top surface. In this case, as there must be a want 
of compactness in the mass, it would be best to form the outsides 
of the embankment first, and to gradually fill in towards the cen- 
tre, in order that the earth may arrange itself in layers with a dip 
from the sides iafwaids ; this will in a great measure counteract 
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any Mndency lo slips outward. The ibot of the aiopea sbould 
be aecured by buttreeung them either by a low stone wall, or 
by formins a slight excavation for the same puipose. 

650. When tne axü of the roadway ia laia out on the aide 
slope of a hilj, and the road-surface is formed partly by excava- 
tmg and partly by embanking out, the usual and moat simple 
method is to eztend out the embankment gradually along the 
whole line of excaration. Tbis method is inaecure, and no pains 
tberefore should be spared to give the embankment a good foot- 
ing on the natural suniace upon whtch it reatB, particularly at the 
foot of Uie alc^. For this purpose the natural surface (Fig. 1S2) 




should be cut into Steps, or offseta, and the foot of the slope be 
■ecured by buttressing il agaiast a low stone wall, or a small 
tenace of carefully rammed earth. 

In side-foimingB along a natural sur&c« of great incUnation, 
the method of construction just ezplatned will not be sufficicntly 
secure ; Eustaining-walls muat be substituted for the eide slopes, 
both of the excavaticmB and embankments. These walls may be 
tnade aimply of dry stone, when the stone can be fvocured in 
blocks of sufficient sise to render tbis kind of construction of 
Bufficient stability to resist the pressure of the earth. But 
when the blocks of sbHie do not offer this secutity, they must 
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be laid in mortar, (Fig. 158,) and hydraulic mortar is the oolgr 



VLOääD», 280 

kind which will form a safe construction. The i^all whicb sup- 
plie« the slope of the excaYätion should he carried up a» high as 
the natural surface of the ground ; the one that sustains the em- 
bankment should be built up to the surfaCe of the roadway ; aod 
a parapet-wall should be raised upon it, to secure vehicles from 
accidents in deviating from the line of the aroadway. 

A road may be constructed partly in excavation and partly in 
embankment along a rocky ledge, by blasting the rock, when the 
inclination of the natural surface is not greater than one perpen- 
dicular to two base ; but with a greater inclination than this, fhe 
whole should be in excavation. 

651. There are examples of road constructions, inlocalities 
like the last, supported on a frame-work, consisting of horizontal 
pieces, which are firmly fixed at one end by being let into holes 
drilled in the rock, and are sustained at the other by an inclined 
stnit undemeath, wMch rests against the rock in a Shoulder 
fonned to receive it. 

652i When the excavations do not fumish sufficient 6artfi for 
the embankments, it is obtained from excavations, termed side- 
cuttingSy made some place in the vicinity of the embankment, 
from which the earth can be obtained with the most economy. 

If the excavations furnish more earth than is required for the 
embankment, it is deposited in what is termed spott-bankj on the 
side of the excavation. The spoil-bank should be made at some 
distance back, from the side slope of the excavation, and on the 
down-hill side of the top surface ; and suitable drains should be 
arranged to carry oflF any water that might collect near it and af- 
fect the side slope of the excavation. 

The forms to be given to side-cuttings and spoil-banks will 
depend, in a great degree, upon the locality : they should, as far 
as practicable, be sucn that the cost of removal of the earth shall 
be least possible. 

653. Drainage. A System of thorough drainage, by which 
the water that Alters through the ground will be cut off from the 
soil beneath the roadway, to a depth of at least three feet below 
the bottom of the road-covering, and by which that which falls 
upon the surface will be speedily conveyed off, before it can filter 
through the road-covering, is essential to the good condition of a 
road. 

The surface-water is conveyed off by giving the surface of the 
roadway a slight transverse convexity, &om the middle to the 
sides, where the water is received into the gutters, or side chan- 
netsy from which it is conveyed by Underground aqueducts, termed 
ddv^rts, built of stone or bricK and usually arched at top, into 
the main drains that communicate with the natural water-courses» 
This convexity is regulated by making the figure of the profile 
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an ellipse, of which the semi-transTerse axis is 15 feet, and the 
semi-conjugate axis 9 inches ; thus placing the middle of the 
roadway nine inches above the bottom of the side Channels. This 
convexity, which is as great as should be given, will not be suffi- 
cient in a flat country to keep the road-sunace dry ; and in such 
localitiesy if a slight lonffitudinal slope cannot be given to the 
read) it should be raised, when practicable, three or four feet 
above the general level ; both on account of conveying off speedily 
the surface-water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway in a level country, 
ditches, termed open side drainsy (Fig. 154,) are made parallel 
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to the road, and at some feet from it on each side. The bottom 
of the side drains should be at least three feet below the road- 
covering ; their size will depend on the nature of the soil to be 
drained. In a cultivated country the side drains should be on the 
field side of the fences. 

As open drains would be soon filled along the parts of a road 
in excavation, by the washings from the side slopes, covered 
drains, built either of brick or stone, must be suostituted for 
them. These drains (Fig. 155) consist simply of a flooring of 
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flagging stone, or of brick, with two side walls of nibble, or brick 
masonry, which Support a top covering of flat stones, or of brick, 
with open joints, of about half an inch, to give a free passage- 
way to the water into the drain. The top is covered with a layer 
of straw or biushwood ; and clean gravel, or broken stone, in 
smaU firagments, is laid over this, for the purpose of allowing the 
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water to fiher freely through to die drain, without carrying with it 
any earth or sediment, which might in time accumulate and choke 
it. The width and height of covered drains will depend on the 
i^aterials of which they are built, and the quantity of water to 
which they yield a passage. 

Besides the longitudinal covered drains in cuttings, other drains 
are made under the roadway which, from their form, are termed 
cross mitre drains, Their plan is in shape like the letter Y, the 
angular point being at the centre of the road, aad pointing in the 
direction of its ascent The angle should be «o regulated that 
the bottom of the drain shall not have a greater slope alongeither 
of its branches, than one perpendicular to one hundred base, to pre- 
serve the masonry from damage, bv the current. The construc- 
tion of mitre drains is the as^me as the covered longitudinal drains; 
They should be placed at intervals of about 60 yards from each 
olher. 

In jsome cases surface drains, termed catch-UHiter drainsy are 
made on the side slopes of cuttings. They are run up obliquely 
along the surface, and empty directly into the cross drains which 
convey the water into the natural water-courses- 

When the roadway is in side-forming, cross drains of the or» 
dinary form of culverts are made, to convey the water from the 
side channek and the covered drains into the natural water- 
courses. They should be of sufficient dimensions to convey off 
a large volume of water, and to admit a man to pass through 
them so that they may be readily cleared out, or even repaired, 
without breaking up the roadway over them, 

The only drains required for embankments are the ordinary 
side Channels of the roadway, with occasional culveits, to convey 
the water from them into ttie natural water-courses. Great care 
should be taken to prevent the surface-water from running down 
the >side slopes, as taey would soon be washed into guUies by it 

Very wet and marsny soils require to be thoroughly drained 
before the roadway can be made with safety. The best System 
that can be followed in such cases, is to cut a wide and deep open 
main-draio on each side of the road, to convey the water to the 
natural water-courses. Covered cross drains should be made al 
frequent intervals, to drain the soil under the roadway. They 
should be sunk as low as will admit of the water running from 
them into the main drains, by giving a slight slope to the bottom 
each way from the centre of the road to facilitate its flow. 

Independently of the drainage for marshy soils, they wiU re- 
quire, when the subsoil is of a spongy, elastic nature, an artificial 
bed for the road-covering. This bed may, in some cases, be 
formed by simply removing the upper Stratum to a depth of sev- 
eral feet» and supplying its place with well-packed gravel, or any 
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of a fiim character. In other cases, wheo the sobscMl yidds 
readily to the onfinary pressure that tbe road^surface musi bear, 
a bed of brushwood, from 9 to 18 inches in thickness, must be 
formed to receive the soil on which the road-coyering is to rest. 
The brushwood should be carefully setected from the long straigfat 
■lender shoots of the branches or undergrowth, and be tied up in 
bundlesy termed fasdneM^ from 9 to 12 inches in diameter, and 
from 10 to 20 feet lon^. The fascines are laid in altemate layers 
crosswise and lengthwise, and the layers are either eonnectea by 
picketSy or eise the withes, with which the fascines are bound, 
are cut to allow the brushwood to fcHrm a uniform, and compact 
bed. 

This method of securing a good bed for stroctures <m a weak 
wet soil has been long practised in Holland, and experience has 
fuUy tested its excellence. 

654. Road-coverings. The object of a- road^eoyeri ag l^ing 
to diminish the resistances arising frt>m collision and frictioii, 
and thereby to reduce the force of traction to the least prac- 
licable amount, it should be composed of hard and durable ma- 
terials, laid on a firm foundation, and pr^ent a uniform eyen 
surface. 

The material in ordinary use forroad*-coyerings is stone, either 
in the shape of blocks of a regulär form, cht ot large round peb- 
bles, termed apavement; or broken into small angular masses ; 
or in the form of grayel. 

6«55. Pavemenis, The payements in most ffeneral use in cur 
country are constructed of rounded pebbles^ known as paving 
stonesy yarying from 3 to 8 inches in diameter, which are set in a 
/orm, or l)ed of clean sand or grayel, a foot or two in.thickness, 
which is laid upon the natural soil excayated to receiye the form. 
The largest stones are placed in the centre of the roadway. The 
stones are carefrdly set in the form, in dose contaet with each 
other, and are then firmly settled by a heayy rammer until their 
tops are eyen with the general surface of the roadway, which 
should be of a slightly conyex shape, having a slope of about jj 
from the centre each way to the sides. After the stones are 
driyen, the road*surface is coyered with a layer of clean sand, or 
fine grayel, two or three inches in thickness, which is gradually 
worked in between the stones by the combined action of the 
trayel oyer the payement and of the weather. 

The defects ofpebble payements are obyious, and ciHifirmed 
by experience. Tne form of sand or grayel, as usually made, is 
not sufficiently firm ; it should be made in separate layers of 
about 4 inches, each layer being moistened and well settled either 
by ramming, or passing a heayy roUer oyer it. Upon the form 
prepared in this way.a layer of looae malerial of two or three 
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inches in ihackneM may be placed, to receive the ends of the 
(MTiiig stones. From tbe form of the pebbles, the resistance to 
traction arising from coUision and friction is very ^eat. 

Pavements termed stone tramways have been tned in some of 
the eitles of Europe, both for light and heavy traffic. Tbey are 
formed by laying two lines of long stone blocks for the wheels to 
run^n, with a pavement of pebble for the horse-track between 
the i^heel-tracks. In crowded thoroughfeures tramways ofTer but 
few if any advantages, as it is impracticable to confine the vehicles 
to them, and when exposed to heavy traffic they wear into ruts. 
The stone blocks ^oiud be caref uUylaid on a Tery firm bottoming, 
and particular attention is requisite to prevent ruts from formii^ 
between the blocks and the pebble pavement. 

Stone suitable for pavements should be haid and toogh, and 
not wear smooth under the action to which it is exposed. Some 
varieties of granite have been fowid in England to fumish the 
best paving blocks. In France, avery fine-grained compact gray 
sandstone of a bluish cast is mostly in use for the same purpose, 
but it wears quite smooth. 

The sand used for forms should be clean and free from peb- 
bles imd gravel of a kurger grain than about two teoths of an inch. 
The form should be made by moistening the sand, and com- 
pressing it in layers oi about four inches in thickness, either by 
ramming, or by passing over each layer several times a heavy 
iron rol&. lipon the top layer about an inch oi loose sand may 
be sfNread to receive the blocks ; the joints between which, after 
they are placed, should be carefuUy mied with sand. 

The ssuid form, when carefully made, presents a very fiiEm and 
Stahle foundation for the pavement. 

Wooden pav^ueats, tormed of blocks of wood of various 
shapes, have been tried in England and several of our cities 
within the last few years, but are now for the most part aban- 
doned, as die material has been found to decay very rapidly, 
even when prepared with some of the preservatives of timber 
against the rot. 

Asphaltic pavements have undergone a like trial, and have also 
been found to £ail after a few years service. This material is 
farther objectionable as a pavement in cities, where the pave- 
ments and sidewalks have frequently to be disturbed for the 
purposes of repairing, or laying down sewers, water-pipes, and 
other necessary conveniences for a city. 

The best System of pavement is that which has been partially 
put in practice in some of the conunercial cities of England, the 
idea of which seems to have been taken from the excellent mili- 
tary roads of the Romans, vestiges of which remain at the preseat 
day in a good State. 
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In constrncting this pafrement, a l>ed(Ilg. 156) is first pre- 
paredy by remoTing the surface of the soil to the depth of a fool 
or more, to obtain a firm Stratum ; tbe suHace of this bed le- 
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ceires a rery sligfat conrexity, of about two inches to ten feet, 
from the centre to the sides of the roedway. If the soil is of a 
soft clayey natuie, into which small fragments of broken stone 
would be easily worked by the wheels of Tehicles, it shouUL be 
excavated a foot or two deeper to receive a form of sand, or iÄ 
clean fine grarel. On the surface of the bed thus prepared, a 
layer of small broken stone, fom* inches thick, is laid ; the di- 
mensions of these firagments should not be greater than two and 
a half inches in any direction ; the road is then opened to vehiclea 
nntil this first layer becomes perfectly compact ; care being taken 
to fill np any ruts with fresh stone, in order to obtain a unifonn 
surface. A second layer of stone, of the same thickness as the 
first, is then laid on, and treated in the same manner ; and finally 
a third layer. When the third layer has become perfectly com- 
pact, and is of a uniform surface, a layer of fine clean grarely 
two and a half inches thick, is spread evenly over it to receive 
the 'p^yisig stopes. The blocks of stone are crf a square shape, 
and of different sizes, according to the nature of the travellmg 
over the pavement. The largest size are ten inches thick, nine 
inches broad, and twelve inches long ; the smallest are six inches 
thick, five inches broad, and ten inches Ions. Each block is 
«arefully settled in the form, by means of a heavy beetle ; it is 
then removed in order to cover the side of the one ag&inst which 
it is to rest with hydraulic mortar ; this being done, the block is 
replaced, and properly adjusted. The blocks of the different 
courses across the roadway should break joints. The surface of 
the road is convex ; the convexity being determined by making 
the outer edges six inches lower than the middle, for a width of 
thirty feet. 

This System oi pavement fulfils in the best manner all the re- 
quisites of a good road-covering, presenting a hard even surface 
to the action of the wheels, and reposing on a firm bed formed 
by the broken-stone bottoming. The mortar-joints, so long as 
they remain tight, will effectually prevent the penetration of water 
beneath the pavement ; but it is probable, from the effect of the 
transit of heavily-laden vehicles, and from the expansion and 
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contraction of the stone, which in our dimate is found to be very 
considerable, that the mortar would soon be crushed and washed 
out. 

In France, and in many of the large cities of the continenti the 
pavements are made with blocks of rough stone of a cubical form, 
measuring between eight and nine inches along the edge of the 
cube. These are laid on a form of sand of only a few inches thick 
when the seil beneath is firm ; but in bad soils the thickness i9 
increased to firom six to twelve inches. The transversal joints 
are usually continuous, and those in the direction of the axis of 
the road break joints. In some cases the blocks are so laid thäl 
the joints make an angle of 45^ with the axis of the roadway, one 
set oeing continuous, the other breaking joints with them. By 
this arranffement of the joints, it is said that the wear upon the 
edges of the blocks, by which the upper surface soon assumes a 
convex shape, is diminished. It has been ascertained by expe» 
rience, that the wear upon the edges of the blocks is ereatest at 
the joints which run transversely to the axis when the blocks are 
laid in the usual manner. From the experiments of M. Morin, to 
ascertain tlie influence of the shape of stone blocks on the förce 
of traction, it was found that the resistance offered by a pavement 
of blocks averaging firom five to six inches in breadth, measured 
in the direction of the axis of the roadway, and about nine inches 
in length, was less than in one of cubical blocks of the ordinary 
size. 

Pavements in cities must be accompanied by sidewalks, and 
crossing-places, for foot-passengers. The sidewalks are made 
of large flat flagginff-stone, at least two inches thick, laid on a 
form of clean gravel well rammed and settled. The width of 
the sidewalks will depend on the street being more or less fire* 
quented by a crowd. It would, in all cases, be well to have them 
at least twelve feet wide ; diey receive a slope, or pitch, of one 
inch to ten feet, towaids the pavement, to convey the surface- 
water to the side Channels. The pavement is separated firom the 
sidewalk by a row of long slabs set on their edges, termed curb^ 
stones, which confine both the flagging and paving stones. The 
curb-stones form the sides of the side Channels, and should for 
this purpose project six inches above the outside paving st<Hies, 
and De sunk at least four inches below their top surface ; they 
should, moreover, be flush with the Upper surface <d the side- 
walks, to allow the water to run over into the side Channels, and 
to prevent accidents which might otherwise happen firom their 
tripping persons passing in haste. 

The crossinffs shoukl be firom four to six feet wide, and be 
slightly raised cu>ove the general sur&ce of the pavement, to keep 
them nee fix>m mud. 
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M6. Brohm^tane road-coDering. The ordinary road-corer- 
ing for common roada, in use in this country and Eun^, is 
fonned of a coating of stone broken into smali fra^ments, which 
i is iaid either upon the natura] Boil, or upon a paved bottoming 
of amall irregulär blocks of Btone. In England these two Systems 
bare their respective partisans ; the one claiming the superiority 
for Toad-coretings of stone broken into small fragments, a method 
brought into vogue some years since by Mr. Mc Adam, from whom 
these roads haTe been termed tnacadamized ; the other being the 
plan pursned by Mr. Telford in the great national rpads con- 
siructed in Great Britain within about the same period. 

The subject of road-making has within the last few years ex- 
cited renewed interest and discussion among engineers in France ; 
the conclusion, drawn from experience, tfa^re generally adopted 
is, that a covering alone of stone broken into small fragments is 
suffici^it under die heaviest traffic and most frequented roads. 
6ome of the French engineers recommend, in very yielding 
clayey soils, that either a paved bottoming after Telford's method 
be resofted to, or that the soil be well compressed at the sur&ce 
beibre placing the road-covering» 

The paTed bottom road-covering on Telford's plan (Fig. 155) 
is formed by excavating the surface of the ground to a suitable 
deptb, and preparing the form f(»r the pavement with the precau- 
iions as for a conmion pav^nent. Blocks of stone of an irregu- 
lär pyramidal shape are selected for the pavement, which, for a 
roaaway dO feei in width, should be seven inches thick for the 
ceatre of the read, and three inches thick at the sides. The base 
pf each block should not measure more than five inches, and the 
top not Jess than four inches. 

The blocks are set by the band, with great care, as closely in 
coQtact at their bases as practicable ; and blocks of a suitable 
size are selected to give the surface of the ^vement a sligfatly 
coarex shape from the centre outwards. The Spaces between 
the blocks are filled with chippings of stone compacüy set with 
a small bammer. 

A layer of broken stone, four inches thick, is Iaid over this 

Svement, for a width of nine feet on each side of the centre ; no 
igment of this layer should measure over two and a half inchefi 
in any direction. A layer of broken stone of smaller dimensions, 
or of clean coarse gravel, is spread over the wings to the same 
de0th as the centre layer. 

The road-covering, thus prepared, is thrown open to vehicles 
until the upper layer has become perfectly compact ; care haviog 
been taken to fill in the ruts with fresh stone, in order to obtain 
a uniform surface. A secpiid layer, about two inches in depth, 
is then Iaid over the centre of the roadway ; and the wings i>9- 
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ceiv« also a iayer of new material laid on to a sufficient thickneas 
to msdie the ^utside of the roadway nine inches lower than the 
centre, by giving a slight convexity to the surface from the centre 
outwards. A coating of clean coarse gravel, one iocfa and a half 
thick, termed a bmding, is spread over the surface, and the road- 
covering is then ready to be thrown open to travelling. 

The stone used for the pavement may be of an inferior quality, 
in bardness and strength/to that placed at the surface, as it is but 
little exposed to the wear and teär occäsioned by travelling. The 
surface-stone should be of the hardest kind that can be procured. 
The gravel binding is laid over the surface to facilitate the trav- 
elling, whilst the under Stratum of stone is still loose ; it is, how- 
ever, hurtful, as, by working in between the broken stones, it 
prevents them from setting as compactiy as they would otherwise 
do. 

If the roadway cannot be paved the entire width, it should, 
at least, receive a pavement for the ividth of nine feet on each 
«ide of tiie centre. The wings, in this case, may be fonned 
entirely of clean gravel, or öf chippings of stone. 

For roads which are not much travelled, like the ordinary cross 
roads of the cöuntry, the pavement will not demand so much 
care ; but may be made of any stone at band, broken into Frag- 
ments of such dimensions thdX no stone shall weigh over four 
pounds. The surface-coating may be formed in the manner just 
described. 

657. In forming a road-covering of broken stone äloüe, the 
bed for the covering is arranged in the same manner as for the 
paved bottoming : a Iayer of the stone, four inches in thickness, 
IS carefully spread over the bed, and the road is thrown open to 
vehicles, care being taken to fiU the ruts, and preserve the sur- 
face ia a imiform State until the Iayer has'become compact; 
successive layers are laid on and treated in the same manner as 
the first, until the covering has received a thickness of about 
twelve inches in the centre, with the ordinary convexity at the 
surface. 

658. Where ffood gravel can be procured the road-coverii^ 
may be %nade oi this material, which should be well screened, 
and all pebbles found in it over two and a half inches in diame- 
ter should be broken into firagments of not greater dimensions 
than these. A iinn level form navinff been prepared, a Iayer of 
gravel, four inches in thickness, is laid on, and, when this has 
become compact from the travel, successive layers of about three 
inches in thickness are laid on and treated like the first, until the 
covering has received a thickness of sixteen inches in the centre 
and the oidinary convexity. 

659. Ab has been ahready stated, the French civil eogineeTS 
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do not regard a paved bottoming as essential for broken-stone 
road-coveringSy except in cases of a veiy heavy traffic, or where 
the substratum of the load is of a yery yielding character. 
They also gire less thickness to the road-coTering than the 
English engineers of Telfoid's .school deem necessaiy ; allowing 
not more uian six to eight inches to road-coverings for light 
traffic, and about ten inches only for the heaviest traffic. 

660. If the soil upon which the roed-covering is to be placed 
is not dry and firm, they compress it by rolling, which is done 
by passing over it several times an iron cylinder, about six feet 
in aiameter, and four feet in length, the weight of which can be 
increased, by additional weights, from six thousand to about 
twenty thousand pounds. The road material is placed upon the 
bed, when well compressed and levelled, in layers of about four 
inches, each layer oeing compressed by passing the cylinder 
several times over it before a new one is laid on. If the Opera- 
tion of rolling is performed in dry weather, the layer of stone is 
watered, and some add a thin layer of clean sand, from four to 
eight tenths of an inch in thickness, over each layer before it is 
roUed, for the purpose of consolidating the surface of the layer, 
by fiUine the voids between the broken-stone fragments. After 
the surtace has been well Consolidated by rolling, the road is 
thrown open for travel, and all ruts and other displacement of 
the stone on the surface are carefiilly repaired, by adding firesh 
material, and levelling the ridges by ramming. 

Great importance is attached by the French engineers to the 
use of the iron cylinder for compressing the materials of a new 
road, and to minute attention to daily repairs. It is stated that 
by the use of the cylinder the road is presented at once in a 

food travelling condition ; the wear of the materials is less than 
y the old method of gradually consolidating them by the travel; 
the cost of repairs during the first years is diminished ; it gives 
to the road-covering a more uniform thickness, and admits of its 
being thinner than in the usual method. 

661. Materials and Repairs. The materials for broken-stone 
roads should be hard und durable. For the bottom layer a soft 
stone, or a mixture of hard and soft may be used, bllt on the 
surface none but the hardest stone will withstand the action of 
the wheels. The stone should be carefully broken into frag- 
ments of nearly as cubical a form as practicable, and be cleansä 
from dirt and of all very small fragments. The broken stone 
should be kept in depots at convenient points along the Une of 
the road for repairs. 

Too creat attention cannot be bestowed upon keeping the 
road-suiface free from an accumulation of mud and even of dust. 
It should be constantly cleaned by scraping and sweeping. The 
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repairs should be daQy made by adding firesh material upon all 
points where hollows or ruts commence to fonii. It is recooi- 
mended by some that when fresh material is added, the surface 
on wbich it is spread should be broken with a pick to the depth 
of half an inch to an inch, and the firesh material be well settled 
by ramming, a small quantity of clean sand being added to make 
the stone pack better. Wnen not daily repaired by persons 
whose sole business it is to keep the road in good order, general 
repairs should be made in the months of October and April, 
by removing all accumulations of mud, cleaning out the side 
cnannels and other drains, and adding fresh material where re* 
quisite. 

The importance of keeping the road-surface at all times free 
from an accumulation of mud and dust, and of preserving the 
surface in a uniform State of evenness» by the dsuly addition of 
fresh material wherever the wear is sufficient to call for it, caa* 
not be too strongly insisted upon. Without this constant super- 
Tision, die best constructed road will, in a short time, be imfit 
for travel, and with it the weakest may at all times be kept in a 
tolerably fair State. 

662. Crass dimensicns of roads. A road thirty feet in width 
is amply sufficient for the carriage-way of the most frequented 
thoroughfares between cities. A width of forty, or even sixty 
feet, may be ^ven near cities, where the greater part of the 
transportation is effected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 
nature of the case. The width should be at least sufficient to 
allow two of the ordinary carriages of the country to pass each 
other with safety. In all cases, it should be bome in mind, that 
any imnecessary width increases both the first cost of construc- 
tion, and the expense of annual repairs. 

Yery wide roads have, in some cases, been used, the centre 
part only receiving a road-covering, and the wings, termed sum" 
mer roadsy being formed on the natural surface of the subsoiL 
The object of this System is to relieve the road-coTerinff from 
the wear and tear occasioned by the li^ter kind of vehicles du- 
ring the suinmer, as the wings present a more pleasant surface 
for travelling in that season. But little is gained by this system 
under this point of view ; and it has the inconvenience of form- 
ing during the winter a large quantity of mud which is very in- 
jurious to the road-covering. 

There should be at least one foot-path, from fiTe to six feet 
wide, and not more than nine inches higher than the bottom of 
the side Channels. The surface of the foot-path should have a 
pitch of two inches, towards the side Channels, to convey its 
surface water into them. When the natural soil is firm and 
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Sandy, or griTelly, iu surface will aenre for the foot-path ; bat 
in otner caaes the natural soil muat be thrown out to a depth o( 
■ix inchea, and the excavation be filled with fine clean mvel 

To pre?ent the foot-nath from being damaged by me cuirent 
of water in the aide cnannels, ita aide alppe, next to the side 
Channel, muat be protected by a facing of good sods, or <^ di; 
atone. 

Ab it ia of the firat importance, in keeping the road-way m a 
good trarelling State, that ita aurface ahould be kept dry, it will 
be neceaaaiy to remove finom it, as iar aa practicabie, aU objects 
that might obatroct the action of the wind and the sun od its 
aurface. Fences and hedgea alcmg the road ahould not be higher 
than fi?e feet ; and no treea ahoiud be auffered to stand on the 
road-nde of the side drains, for independently of shading the 
road-way, their roots woold in time throw up the roadrco?- 
ering. 
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RAILWAYS. 

663. The great resistance offered to the force of traction on 
common roads, wherie the traffic is of a heavy character, natu- 
rally suggested the idea of trying other meaius, which would 
afford a more even and durable track for the wheels than the 
road-coverings in ordinaiy use. Yanous methods have been re- 
sorted to, with greater or less soccess, to accomplish this object : 
in some instances tracks hare been formed of long narrow stone 
bloeks ; in others, heavy beams of timber, covered on the sur- 
face with sheet iron to protect them from wear, have been used ; 
and finally, both the stone and wooden ways were replaced by 
iron plates and bars, and that System of road-covenng, now so 
well known as the railway, or railroad, has been the resulu 

For these successive Stades of improyement, by which, in the 
short period of less than a quarter of a ceiltury, so great a revo- 
tution has been made both in the speed and the amount of trans- 
portation on land^ by meana which bid fair to supersede every 
other, the civilized world is indebted to England, in whose mi- 
ning districts the railway System first sprung up. 

664. A railway, pr railroad^ is a track for the wheels of ve- 
hicles to nm on, which is formed of iron bars placed in two 
parallel lines and resting on firm supports. 

665. Rails. The iron ways first laid down, and termed tram- 
ways, were made of narrow ircm plates, cast in short lengths, 
witii an upriffht flanch on the exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replacea by others to which a vertical rib was added 
tmder the plate. This rib was of miiform breadth, and of the 
shape of a semi-ellipse in elevation. This form of tramway, 
although superior in strength to the first, was still found not to 
work well, as the mud which accumulated between the flanch 
and the surface of the plate presented a oonsiderable resistance 
to the force of traction. To obviate this defect, iron bars of a 
aemi-elliptical shape in elevation, which received the name of 

Fiff . 157— Represenls a cron sectioD a. of the fish-bel- 
fied rail of the Liverpool and Manchester Railwa/, 
and the metliod in which it is secored to its chair. 
The rail is formed with a slight pnyection at bot- 
tom, which fits into a coireqxinaing notch in the 
aide a( the chair b. An iion wedve c 10 inaerted 
into a notch on the cmponte aide of the chair,*and 
confines the rail in its place. 

edge railsy were substituted for the plates of the tramway. The 
Gross sections of these rails were of the form shown in Fig. 157, 
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the top surface being slightly convez, and sufficiently broad to 
preserve the tire of the wheel from wearing unevenly. This 
chan^e in the form of the rail introduced a corresponding one in 
the tires of the wheels, which were made with a flanch on the 
interior to confine them within the rails of the track. 

The cast-iron edge-rail was found upon trial to be subject to 
many defects, arising from the nature of the material. As it 
was necessary to cast the raus in short lengths of three or four 
feet, the track presented a number of joints, which rendered it 
eztremely difficult to preserre a uniform sur&ce. The rails 
were found to break readily, and the suiface upon which tbe 
wheels ran wore unevenly. These imperfections finally led to 
the Substitution of wrought-iron for cast-iron. 

666. The wrought-iron rails first brought into use received 
nearly the same shape in cross section and elevation as the cast- 
iron raiL They were formed by rolling them out in a rolling- 
mill so arranged as to give the rail its proper shape. The lengm 
of the rail was usually fifteen feet» tne oottom of it (Fig. 158) 



^M^^ »^— — ^ — «M^ Fiff . 159— Repntente a aide elevation o( tiV»' 
*• ' ---'^ ^ ^ • * fion of a fiSh-beüied raiL 

Cresenting an undulating outline so disposed as to ffive the rail a 
earing point on supports placed three feet apart between tfaeir 
centres. This form, known as the fish-belly rail, was adopted 
as presenting the greatest strength for the same amount of metaL 
It has been found on trial to be liable to some inconveniences. 
The rails break at about nine inches from the supports, or one 
fourth of the distance between the bearing points, and from the 
cunred form of the bottom of the rail they do not admit of being 
supported throughout their length. 

667. The form of rail at present in most general use is 
known by the name of the parallel^ or straig?U tail, the top and 
bottom Ol the rail being parallel ; or as the T, or H rail, from the 
form of the cross sectioa, 

A variety of forms of cross section are to be met with in the 
parallel rail The more usual form is that (Fig. 159) in which 



Flf . Isa—RepreMnts a ctobb see- 
tion a of a parallel rail of the 
fonn generally adopted in the U. 
States. The rail is oonfiued to 
i(8 chair 6 bj two wooden keys e 
<» each aide, which are formed 
of haid compieaBed wood. 



the top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat on 
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its Supports. In some cases the top ancfbottom are made alike 
to admit of turning the rail. The greatest deviation from the 
usualform is in the rail of the Great Western Railway in Eng- 
land, (Fig. 160.) 

Fix. im— Representi a eron Mction of th« rail of tho 
Great Woiltoni Railwav in England. This rail ib laid 
on a continnouf suppoit. and is fastened to it byscrewa 
on Mch aide of the rail. A pieoe of taned feit was 
inserted between the bese of the rail and its support. 

The dimensions of the cross section of a rail should be such 
that the deflection in the centre between any two points of sup- 
port, caused by the heaviest loads upon the track, should not be 
so great as to cause any very appreciable increase of resistance 
to the force of traction. The greatest deflection, as laid down 
by some writers, should not exceed three hundredths of an inch, 
for the usual bearing of three feet between the points of Sup- 
port. The top of the rail is usually about two ana a half inches 
Droad, and an inch in depth. This has been found to present a 
good bearing surface for the wheels, and sufficient strength to 
prevent the top from being crushed by the weight upon the rail. 
The breadth of the rib varies between three fourths of an inch to 
an inch ; and the total depth of the rail from three to five inches. 
The thickness and breaath of the bottom have been varied ac- 
cording to the strength and stability demanded by the traffic. 

668. Supports. The rails are laid upon supports of timber, 
or stone. Fhe supports should present a finn unyielding bed to 
the rails, so as to prevent all displacement, either in a lateral or 
a vertical direction, from the pressure thrown upon them. 

Considerable diversity is to be met with in the practice of 
engineers on this point. On the earlier roads, heav^ stone 
blocks were mostly used for supports, but these were found to 
require great precautions to render them firm, and they were, 
moreover, liable to split from the means taken to connne the 
rails to them. Timber has, within late years, been ffenerally 
preferred to stone. It affords a more agreeable road for travei, 
and eives a better lateral support to the rails than stone blocks. 

The usual method of placing timber supports is transvefsely 
to the track. Each support, termed a sleeper^ or cross-tiey being 
formed of a piece of timber six or eight inches Square. The or- 
dinary distance between the centre lines of the supports, is three 
feet for rails of the usual dimensions. With a greater bearing, 
rails of the ordinary dimensions do not present sufficient stififness. 
The sieepers, when formed of round timber, should be squared 
on the Upper and lower surface. On some of the recent raUways 
in England, sieepers presenting in cross section a right-angled 
triangle have been used, the right angle being at the bottom. 
They are represented to be more convenient in setting, and to 
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oSer a more stable support than those of the usual fonn. Tht 
sIeepen aie jdaced either upon the ballasting of the roadway, or 
ujKm lonffituainal beams lata beneath them dong the line ol the 
rails. Tne latter is now the more usual, practice with us, aod is 
iodiapenaable upon new embankments to prevent the ends of 
the sleepers from settling une<^ually. Thick plank, about eight 
inches broad and three or four mches thick, is usuaUy employed 
for the longitudinal supports of the sleepers. 

On some of the more recent lailways in England, the rails 
have been laid upon longitudinal beams, presenting a continuous 
Support to the rail, the beams resting upon cross-ties. 

669. Chairs. The rails are firmly fastened to their Supports by 
cast-iron chairs, (^^8^* 1^*7, 159,) wrought-iron spikes, or screws. 
The chair is cast in one piece, and consists of a bottom-plate, upon 
which the rail rests, and two side pieces between which the rail is 
confined by wedges of iron, or of wood. The chairs are fastened 
to the Supports by iron bolts, or wooden pins. A yariety of 
forms have been ffiven to the chairs, and different methods adopt- 
ed for confining the rail firmly within them. Iron wedges having 
been found to work loose, wooden wedges, or keys, have been 
substituted for them. They are made of kiln-dried timber, and 
are forced through cutters, by which they receire the proper 
sfaape, and are at Üie same time strongly compressed. The key, 
prepared in this manner, gradually swells by imbibing moisture 
after being inserted, and forms a rery stronff fastening. Chairs 
are generally placed upon each support. In some cases they 
ai^ bhly placed at the points of junction of the rails ; iron spikes 
with a beut head being driven into the supports, to confine the 
rails at the intermediate points between the cnairs. 

A Joint of sufficient width is left between the ends of the rails, 
to allow for the expansion of the bars. Yarious methods of 
forming this Joint have been tried ; üie more usual forms are the 
Square Joint, and the oblique Joint. 

670. Ballast, A covering of broken stone, of dean coarse 
gravel, or of any other material tha^ will aUow the water to 
drain off freely, is laid upon the natural surface of the excavations 
and embankments, to form a firm foundation for the supports. 
This has received the appellation of the ballast. Its thickness 
i9 firom nine to eighteen inches. Open or broken^stone drains 
should be placed beneath the ballasting to convey off the surface 
water. Tne parts of the ballastinff upon which. the supports 
rest should be well rammed, or rolled ; and it shouM be well 

Ecked beneath and around the supports. After the rails are 
d, another layer of broken stone or gravel shoukl be added, 
the surfiice of which should be slightly convex and about three 
inehes below the tq> of the rails. 
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671. Temporary raihvays of tvood and iron. On the fint 
introduction of raiiways into the United States, the tiacks were 
Vormed of flat iron bars laid upon longitudinal beams. The iron 
Dars were about two and a half inches in breadth, and from one 
half to three fourths of an inch in thickness, the top surface 
being slightly convex. They were placed on the lon^tudinal 
beams, a little .back from the inner edge, the side of the beam 
near the top being bevelled off, and were fastened to the beam 
by screws or spikes, which passed through elliptical holes with 
a countersink to receive the heads of the spikes ; the holes re- 
ceiring this shape to allow of the contraction and expänsion of 
the bar, without displacing the fastenings. The longitudinal 
beams were supported by cross sleepers, with which they were 
connected by wedges that confined the beams in notches cut 
into the sleepers to receive them. The longitudinal beams were 
usually about six inches in breadth, and nine inches in depth, 
and in as long lengths as they could be procured. The jomts 
between the bars were either Square or oblique, and a piece of 
iron or zinc was inserted into the beams at the Joint, to prevent 
the end of the rail from being crushed into the wood by the 
wheels. 

In some instances the bars were fastened to long stone blocks, 
but this method was soon abandoned, as the stone was rapidly 
destroyed by the action of the wheels ; besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

This System of railway, whose chief reconmiendation is eco- 
nomy in the first cost, has gradually given place to the solid rail. 
Besides the want of durabiUty of tne structure, it does not pos- 
sess sufficient strength for a heavy traffic. 

672. Gange. The distance between the two lines of rails of 
a track, termed the gauge, which has been adopted for the great 
majori^ of the railways in England, and also with us, is 4 feet 
8| inches. This gauge appears to have been the result of 
chance, and it has oeen foUowed in the great majority of cases 
up to the present time, owing to the inconvenience tnat would 
arise from the adoption of a different gauge upon new lines. 
The greatest deviation yet made from the establisned gauge is in 
that of the Great Western Railway, in which the gauge is seven 
feet. Engineers are generally agreed that a wider gauge is de* 
sirable, as*with it the wheels of railway cars could be made of 
greater diameter than they now receive, and be placed outside 
of the cars instead of under them as at present ; the centre of 
grayity of the load might be placed lower, and more steadi- 
ness of motion and greater security at high velocities be at* 
tained. 

89 
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In a double track the distance between the two tracks is gen- 
erally the same as the gauge; and the distance between the 
outside rail of a track, and the sides of the excavation, or em- 
bankmenty is seldom made greater than six feet, as this is deemed 
sufficient to prevent the cars firom going over an embankment 
were they to run off the rails. 

673. On all straight portions of a track, the Supports should 
be on a level transversely, and parallel to the plane of the track 
longitudinally. The top surface of the rail should incline in- 
ward, to conform to tue conical form of the wheels; this is 
now usually effected by givin^ the chair the requisite pitch, or 
by forming the top surface with the requisite bevel for this pur- 
pose. 

674. Curves. In the curved portions of a track the centri- 
fugal force tends to force the carriage towards the outside rail 
of the curre. This action of the centrifugal foice is counter- 
acted, to a certain extent, by the conical form of the wheels, 
which, by causing them to run on unecjual diameters so soon as 
they enter a curve, inclines the car inward. Within certain 
limits of the radius of curvature, the amount of the force by 
which the car is impelled towards the centre of the curve, by 
this change in the diameter of the interior and exterior wheels, 
will be sufficient to counteract the centrifugal force which urges 
it outward. With wheels of the diameter and shape at present 
in general use, the usual gauge of track, and play between the 
flanch of each wheel and the side of the rail, the least radius of 
curvature which will prevent the flanch of the exterior wheel 
firom being brought into contact with the side of the rail, is found 
to be about 600 feet. To prevent actual contact and offer per- 
fect security, the radius allowed should not be less than 1000 feet, 
when the exterior and interior rails are on the same level trans- 
versely. As on curves with a smaller radius than 1000 feet, 
the flanch of the wheel might be driven against the rail, and the 
car be forced firom the track, it will be requisite to provide 
against this by raising the exterior rail higher than the interior, 
so that by thus placing the wheels on an inclined plane, the 
component of gravity, opposed to the centrifugal force, added to 
the lorce which impels tne car inward when running on wheels 
of unequal diameter, may balance the centrifugal force. From 
the above conditions of equilibrium, the elevation which the ex- 
terior rail should receive above the interior can be readily cal- 
culated. The method more usually adopted, however, is to 
neglect the effect of the conical form of the wheel, in counter- 
acting the action of the centrifugal force within certain Umits, 
and to give the exterior rail an elevation sufficient to prevent the 
flanch of the wheel from being driven against the side of the rail. 
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when the car is moving at the highest supposed velocity ; or» in 
otlier words, to give the inclined plane across the track, on wbich 
the wheels rest, an inclination such tliat the tenilency of the 
wheels to slide towards the interior rail shall alone counterapt 
the centrifiigal force. 

675. Sunngs, ^. On single lines of railways short portions 
of a track, tenned sidingSy are placed at convenient intervals 
along the main track, to enable car& going in opposite directions 
to cross each other, one train passing into the siding and utop- 
ping while the other proc^eds on tne main track. On double 
lines arrangements, tenned crossingSj are made to enable trai^DS 
to pass from one track into the other, as circumstances may rj^- 
quire. The position of sidings and their lengtb will depe^d 
entirely on local circumstances, as t;he lengtli of the trains, die 
number daily, &c. 

The manner generally adopted, of connecting tiie main track 
with a siding, or a crossing, is yery simple. It .consists (Fig. 
161) in having two short lengths of the opposite rails of the main 
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Fif. 161— RepTOMiits 
Che Bliding Bwitooes, 
or raib, for connect- 
iDg ariding with the 
main track. . . 

a, a, raib connected 
by an inm rod fr« by 
which they can be 
tnmed around the 
joints Oj 0. 

c, c, raus of main 
track. 

d^ d, rails of ndinj;. 



track, where the siding or crossing joins it, moveable around out 
of their ends, so that the other can be displaced firom the line of 
the main track, and be joined with that of the siding, or crossing, 
on the passage of a car out of the main track. These moveable 
portions of rails are connected and kept parallel by a long cross 
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fl^. 103— Repreients a plan M, and section N, of a (Ixed crotsinir plate. The piate JL 
IS of cast-iran, with vertical ribs e, e, on the bottom, to give it the requisite Strang. 
Wroaght-ixon bais a, a, placed in the lines of the two intersecting rails d» d, ate 
firmlysciewedto the plate; a snfflcieat Space being left bstwMii them «od MJtifli 
for the flanch of the wheel U» ; 
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bolt, to the end of which a yertical lever is attached to draw 
them forward, or shove them back. 

At the pdint where the rails of the two tiacks intersect, a cast- 
iron plate, termed a crossing-vlate (Fig. 162) is placed to con- 
nect me rails. The surface of the plate is arranged either witb 
ffTooyes in the lines of the rails to admit the flanch of the wheel 
in passing, the tire running upon the surface of the plate ; or 
wrought-iron bars are affixed to the surface of the plate for the 
same purpose. 

The angle between the rails of the main tracks and those of a 
siding or crossing, termed the angle of deßection, should not be 
greater than ^ or 3^. The connectin^ rails between the straight 
portions of the tracks should be of tne shape of an S curve, in 
Order that the passage may be gradually effected. 

676. Tum-plates. Where one track intersects another under 
a considerable anrie, it will be necessary to Substitute for the 
ordinary method of connecting them, what is termed a tum-plate^ 
or tum-table. This consists of a streng circular platform of 
wood or cast-iron, moveable around its centre by means of coni- 
cal roUers beneath it running upon iron roller-ways. Two rails 
are laid upon the platform to receive the car, which is transferred 
from one track to the other by tuming the platform sufficiently 
to place the rails upon it in the same line as those of the track 
to De passed into. 

6T7. Street-crossings. When a track intersects a road, or 
streety upon the same level with it, the rail must be guarded by 
cast-iron plates laid on each aide of it, sufficient space being leit 
between them and the rail for the play of the flanch. The top 
of the plates should be on a level with the top of the rail. 
Wherever it is practicable a drain should be placed beneath, to 
receive the mud and dust which, accumulating between the plates 
and rail, might interfere with the passing of the cars along the 
rails. 

678. Gradients. From Tarious experiments upon the friction 
of cars upon railways, it appears that the angle of repose is 
about 7^7, but that in descending gradients much steeper, the 
velocity due to the accelerating force of gravity soon attains its 
ffreatest limit and remains constant, from the resistance caused 
. by the air. 

The limit of the velocity thus attained upon gradients of any 
degree, whether the train descends by the action of gravity alone, 
or by the combined action of the motive power of the engine 
and gravity, can be readily determined for any given load. Frjm 
calculation and erperiment it appears that heavy trains may de- 
acend gradients of^ ji^, without attaining a greater velocity th&" 
about 40 or 50 miles an hour, by allowing them to run ireelyt 
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without applying the brake to check the speed. By the appii- 
cation of the brake, the velocity may be kept within any lunit 
of safety upon much steeper gradients. The only question, then,. 
in comparing the advantages of different gradients, is one of the 
comparative cost between the loss of power and speed, on the 
one band, for ascending trains on steep gradients, and that of the 
heavy excavations, tunnels, and emoankments, on the other, 
which maj be required by lighter gradients. 

In distnbuting the gradients along a line, engineers are gener* 
ally agreed that it is more advantageous to have steep gradients 
upon short portions of the Une, than to overcome the same dif- 
ference of level by gradients less steep upon longer develop- 
ments. 

679. In steep gradients, where locomotive power cannot be 
employed, stationary power is used, the trains being dragged up, 
or lowered, by ropes connected with a suitable mechanism, 
worked by stationary power placed at th^ top of the plane. 
The inclined planes, with stationary power, generally receive a 
uniform slope throuffhout. The portion of the track at the top 
and bottom of the plane, should be level for a sufficient distance 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when practicable, be in the same 
vertical plane as that of the axis of the incUned plane. 

Small roUers, or sheeves, are placed at suitable distances along 
the axis. of the inclined plane, upon which the rope rests. 

Within a few years back flexible bands of rolled höop-iron 
have been substituted for ropes on some of the inclined planes 
of the United States, and have been found to work well, pre* 
senting more durabiUty and being less expensive than ropes. 

680. Tunnels. The great cousumption of power by gravity, 
and the necessity therefore of either employing addiüonal power, 
or of diminishing the load of locomotives in ascending steep gra- 
dients, have caused engineers to resort to excavations and em- 
bankments frequently ofexcessive dimensions, to obtain gradients 
upon which the ordinary loads on a level can be transported with 
a suitable degree of speed. The difficülty and cost of fonninff 
these works become in some cases so great, that it is found 
preferable to obtain the requisite gradient by carrying the road 
under ground by an excavation termed a tunneL 

The choice between deep cutting and tunnelling, will depend 
upon the relative cost of the two, and the nature of the ground. 
When the cost of the two methods would be about equal, and 
the slopes of the deep cut are not liable to sUps, it is usually 
more aidvantageous to resort to deep cutting than to tunnelling. 
So much, however, will depend upon local circumstances, that 
the comparative advantages of the two methods can only be de* 
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cided upon undentandingly when these are known. Where anv 
Ifttittide of choice of locality is allowed, the nature of the soil, 
the lengüi of the tunnel/that of the deep cuts by whkh it must 
be approached, and also the depths of die w<H-knig and air shafts, 
must all be well studied before any definitive location is decided 
upon. In some cases it may be found, that a longer tunnel with 
snorter deep cuts will be more adyantageous in one position, 
than a shorter tunnel with longer deep cuts in another. In oth- 
ers, the greater depth of worlung shafts may be more than c(»n- 
pensated by obtaining a safer soil, or a shorter tunnel. 

681 . The Operations in tunnelling will depend upon the nature 
of the soll. The work is commenced by setting out, in the first 
place, with great accuracy upon the surface of the ground, the 
profile line contained in the rertical plane of the axis of the tun- 
nel. At suitable intervals along this line vertical pits, termed 
working shaftSj are sunk to a level with the top, or crown of the 
tunnel. The shafts and the excavations, wnich form the en- 
trances to the tunnel, are connected, when the soil will admit of 
it, by a small excavation termed a headingy or drifte usually five 
or six feet in width, and seven or eiffht feet in height, which is 
made along the crown of the tunnel. After the drift is com- 
pieted, the excavation for the tunnel is gradually enlarged ; the 
excavated earth is raised through the working shafts, and at the 
same time carried out at the ends. The dimensions and form 
of the cross section of the excavation, will depiend upon the na- 
ture of the soil, and the object of the tunnel as a conmiuni- 
cation. In solid rock the sides of the excavation are usually 
vertical ; the top receives an arched form ; and the bottom is 
horizontal. In soils which require to be sustained by an arch, 
the excavation should conform as nearly as practicable to the 
form of cross section of the arch. 

In tunnels through unstratified rocks, the sides and roof may 
be safely left unsupported ; but in stratified rocks there is dan« 
ger of blocks becoming detached and falling : wherever this is 
to be apprehended, the top of the tunnel should be supported by 
an arch. 

Tunnelling in loose soils is one of the most hazardous opera* 
tions of the miner's art, requiring the ffreatest precautions in 
supporting the sides of the excavations by strong rough frame- 
work, covered by a sheathing of boards, to secure the workmen 
frbm danger. When in such cases the drift cannot be extended 
throughout the line of the tunnel, the excavation is advanced 
only a few feet in each direction ftt>m the bottom of the working 
shafts, and is gradually widened and deepened to the proper 
form and dimensions to receiv^e the roasonry of the tunnel, which 
is immediately commenced below each working shafH and iK 
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carried forwaid in both directiaiui towards the two ends of dio 
tuiinel. 

682. Masonry af tunnels. The cross section of the arch of a 
tunnel (Fig. 163) is usuaüy an oval segment, formed of arcs of 
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cirdes for the sides and top, resting on an inverted arch at bot- 
tom. The tunnels on some of the recent railways in England 
are firom 24 to 30 feet wide, and of the same height from the 
level of the rails to the crown of the arch. The usual thickneas 
of the arch is eighteen inches, Brick laid in hydrauUc cement 
is generaUy used for the masonry, an askew-back course of stone 
being placed at the junction of the sides and the inverted arch. 
The masonry is constructed in short lengths of about twenty 
feet, dependmg, however, upon the precautions necessary to se- 
cure the sides of the ezcavation. As the sides of the arch are 
carried up, the firame-work supporting the earth behind is grad- 
ually removed, and the space between the back of the ma- 
sonry and the sides of the excavation is filled in vrith earth 
well rammed. This Operation should be carefuUy attended to 
throughout the whole of the backing of the arch^ so that the 
masonry may not be eiposed to the effects of any sudden yield- 
ing of me earth aromid it. 

683. The frame-work of the centres should be so arnu^ed 
that they may bo taken apart and be set üp vnth üetciUty. The 
combination adopted will depend upon the size of the arch, and 
the necessity of supporting the sides as well as the top of the 
arch by the centre, ouring the process of the work. 

684. The earth at the ends of the tunnel is supported by a 
retaining wall, usually faced with stone. These walls, termed 
the frorUs of the tunnel, are generaUy finished with the usual 
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•xchitectnral designs for ffateways. To secore the ends of the 
aich from tdhe pressure oi the earth aboye them, cast-iron plates, 
<rf the same sbape and depth as the top of the arch» are inserted 
within the masomy, a short distance from the ends, and are se- 
cored by wrougfat>iron rods finnly anchored to the masonry at 
some distance from each end. 

685. The woriüng shafts, which are generally made cylindri- 
cal and fiiced with brick, rest upon streng curbs of cast-iron, 
inserted into the masonry of the arch. The diameter of the shaft 
within is ordinarily nine feet 

Small shaftsy about three feet in diameter, termed air shaftSy 
are in some cases required at intermediate points between the 
working shafts, for the purposes of rentilation. 

686. Hie ordinaiy dimculties of tunnelling are creatly increased 
by the presence of water in the soil through which the work is 
diriven. Pumps, or other suitable machinery for raising water, 
nlaced in the working shafts, will in some cases be requisite to 
keep them and die drift free from water until an outlet can be 
obtained for it at the ends, by a drain alons the bottom of the 
drift. Sometimes, when the water is found to gain upon the 
pumps at some distance above the level of the cro¥m of the 
tonnel, an outlet may be obtained for it by driving aboYC the 
tonnel a drift-way between the shafts, giving it a suitable slope 
from the centre to the two extremities to convey the water off 
rapidly. 

In tunnels for railways, a drain should be laid under the bal- 
along the axis, upon the inverted arch of the bottom. 
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CANALS. 

687. CanaU are artificial Channels for water, applied to the 
purpose of inland navigation ; for the supply of cities with wa- 
ter ; for draininfi^ ; for irrigatioli, &c. &c. 

688. NavigMe cauals are divided into two classes : Ist Ca- 
nals which are on the same level throughout their entire length, 
as those which are found in low level countries. 2d. Canals 
which connect two points of different levels, which lie either in 
the same Valley, or on opposite sides of a dividing ridge. This 
class is found in broken countries, in which it is necessary to 
divide the entire lenffth of the canal into several level portions, 
the communication between which is effected by some artificial 
means. When the points to be connected lie on opposite sides 
of a dividing ridge, the highest reach, which crosses the ridge, 
is termed the summit level. 

689. Ist Class. The surveying and laying out a canal in a 
level country, are Operations of such extreme simplicity as to 
require no particular not^ce in this place ; since these Operations 
have been fuUy explained in the subject of Conunon Roads. 
The line of the canal should be run in a direct line between tlie 
two points to be connected, unless it be found necessary to de- 
flect it at any intermediate points ; in which case, the straight 
portions will be connected by arcs of circles of sufficient curva- 
ture to allow the boats used in the navigation to pass each other 
at the curves, without any diminution of their ordinary rate of 
speed. 

The cross section of this class (Fig. 164) presents usually a 
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toater^watfy or Channel of a trapezoidal fonn, with an embank- 
ment on each side, raised above the general level of the country, 
and formed of the excavation for the water-way. The level, or 
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surfiBbce of the water, is usually aboTe the natural siu&ce, suffi- 
cient thickness being giren to the embankments to prevent the 
filtration of the water through them, and to resist its pressure. 
This arrangement has in its favor the advantage of economy in 
the labor of ezcavating and embanking, since the cross section 
of the cutting may be so calculated as to fumish the necessaiy 
earth for the embankment ; bat it exposes the surrounding coon- 
try to injury, from accidents happening to the embankments. 

The relative dimensions of the üarts of the croes section may 
be ffcnerally stated as foUows ; subject to such modifications as 
each particular case may seem to demand. 

The width of the water-way, at bottom, should be at least 
twice the width qf the boats used in nayigating the canal; so 
that two boats, in passing each other, may, by sheeiing towaids 
the sides, avoid bemg brought into contact. 

The depth of the water-way should be at least eighteen 
inches greater than the draft of the boat, to facilitate the motion 
of the boat, particularly if there are water-plants growing on 
the bottom. 

The side slopes of the water-way, in compact soils, should 
receive a base at least once-and-a-half the altitude, and propor- 
tionally more as the soil is less compact. 

The thickness of the embankments, at top, is seldom regu- 
lated by the pressure of the water against them, as this, in most 
cases, IS inconsiderable, but to prevent filtration, which, were it 
to take place, would soon cause their destruction. A thickness 
firom four to six feet, at top, with the additional thickness given 
by the side slopes at the water surface, will, in most cases, be 
amplv sufficient to prevent filtrations. A pathway for the horses 
attacned to the boats, termed a tow^vathj which is made on one 
of the embankments, and a foot-patn on the other, which should 
be Wide enough to serve as an occasional tow-path, give a su- 
perabundance of strenffth to the embankments. 

The tow-path should be from ten to twelve feet wide, to allow 
the horses to pass each other with ease ; and the foot-path at 
least six feet Wide. The height of the surfaces of these paths, 
above the water surface, should not be less thah two feet, to 
avoid the wash of the ripple; nor greater than four feet and a 
half, for the facility of the draft of me horses in towing. The 
surface of the tow-path should incline slightty outwa^, both 
to convey off the surface water in wet weather, and to give 
a firmer footing to the horses, which naturally draw from the 
canal. 

• The side slopes of the embankment vaiy with the character 
of the soil : towaids the water-way they should seldom be less 
than two base to one perpendicular ; frt>m it, they may, if it be 



CANALS. 815^ 

thougfat necessary, be less. The interic»r slope is usnally not 
carried up unbrolcen firom the bottom to the top ; but a horizon- 
tal Space, termed a bench, or berm, about one or two feet wide^ 
is leh, about one foot above the water surface, between the side 
slope of the water-way and the fbot of the embankment above 
the berm. This space senres to protect the Upper part of the 
interior side slope^ and is, in some cases, planted with such 
shrubbery as grows most luxuriantly in aquatic localities, to pro- 
tect more efficaciously the banks by the support which its roots 
give to the soil. The side slopes are better protected by a re* 
v^tement of dry stone. Aquatic plants oY the bulrush kind 
have been used, with success, for the same puipose ; being 
planted on the bottom, at the foot of the side slope, they serve 
to break the ripple, and presenre the slopes from its effects. 

The earth of which the embankments are formed sbould be 
of a good binding character, and perfectly free from vegetable 
mould, and all regetable matter, as the roots of plants, &c. In 
forming the embankments, the vegetable mould should be care- 
fuUy removed from the surface on which they are to rest; and 
they should be carried up in uniform layers, from nine to twelve 
inches thick, and be well rammed. If tne character of the earth» 
of which the embankments are formed, is such as not to present 
entire security against filtration, a puddling of clay, or fine sand» 
two or three leet thick, may be laid in the interior of the mass, 
penetrating a foot below the natural surface. Sand is useful in 
preventing filtration caused by the holes made in the embank- 
ments near the water surface by insects, moies, rats» &c. 

Side drains must be made, on each side, a foot or two from 
the embankments, to prevent the surface water of the natural 
surface from injuring the embankments. 

690. 2d Class. This class will admit of two subdivisions : 
Ist, Canals which lie throughout in the same Valley ; 2d» Canals 
with a summit level. 

Jjocation. In laying out canals, belonging to the first sub- 
division, the line of direction of the canal should be as direct as 
practicable between the two points. As the different levels» 
howeyer, must be laid out on one of the side slopes of the Val- 
ley, their lines of direction will be neariy the same as the hori- 
zontal curved line in which the natural surface of the ground 
would be intersected by the water surface of the canal pro- 
duced ; the variations in direction from this curve depending on 
the character of the cut^ngs and fillings, both as to the advan- 
tages which the one may present over the other as regards filtra- 
tion, and the ecoiiomy of construction. 

With respect to the side slope of the Valley along which the 
canal is to be run, the engineer must be guided in his choice by 



die relatiTe expense of cmstractioa on tbe two sides ; wUch 
will depend od die quantity of cuttiog and ällingi the masbnry 
for the culrerts, &.c., and tne natuie of the soil &s adapted to 
hoMiog water. All other things being equal, the aide on which 
the fewest secondary water-coursea are found will, geneially 
apeaking, oSer the greatest advantoge as to expenae ; but, it may 
happen that the secondaxy water-courses will be reipiired to feed 
the canal with water, in which case it will be necessary to lay 
out the line on the side where they are found most conrenieiit, 
and in most abundance. 

As to the points in which the line of direction sbould crosa the 
sectmdary vaUeys, die engineer will be guided by the same cxm- 
siderations as ibr any wier line of communicmion ; crossing 
them by foUowing the natural sui&ce, oi eise by B filling in a 
right line, as may be most economical. 

691. Gross section. The aide fonnations of excarations and 
embankments require peculiar care, particulaily the latter, as 
any creTices, whcn they ai% first fonned, or which may take 
place by settling, tnight prove destnictive to the work. In most 
casea, a Stratum of good binding earth, lining the water-way 
throu^out to the thickness of about four feet, if compacüy 
rammed, will be found to ofier sufficient aecurity, if the sulh- 
structure is of a firm chaiacter, and not liable to settle. Fine 
■and has been applied with success to stop the leakage in caoals. 
The sand for tnis puipose is spiinkled, in small quantitiea at a 
time, over the surface of tbe water, and gradually filla up the 
outlets in the bottom and sides of the canal. But neither this 
Bor puddling has been found to answer in all cases, parücularly 
where the substructuie is formed of fragments of rocks ofiering 
large crevices to filtrations, or is of a marly nature. ' In satJa 
cases it has been found necessary to line the water-way through- 
out with Btone, laid in hydraulic mortar. A lining of this cha- 
racter, (Fig. 165,) both at the bottom and sides, fonned of flat 
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stones, about four inches thick, laid on a bed of hydr^ulic mor- 
tar, one inch thick, and covered by a similar coat of mortar, 
makiag the entire thickness of the lining six inches, has been 
found to answer all the required purposes. This lining should 
be covered, both at bottom and on the sides, by a layer of eood 
earth, at least three feet thick, to protect it from the shock of the 
boäts striking either of those parts. 

The cross section of the canal and its tow-paths in deep cut- 
ting (Fig. 166) should be regulated in the same way as in canals 




Fig. IM—Croai lection of a canal in deep entting. 
JB, aide ilopee of cutting. 

of the first class ; but when the cuttings are of considerable 
depth, it has been recommended to reduce both to the dimen- 
sions strictly necessaiy for the passage of a single boat. By 
this reduction there would be some economy in the excavations ; 
but this advantage would, generally, be of too trifiing a charac- 
ter to be placed as an offset to the inconveniences resulting to 
the narigation, particulärly where an active trade was to be car- 
ried on. 

692. Summit leveL As the water for the supply of the sum- 
mit level of a canal must be coUected from the ground that hes 
above it, the position selected for the summit level should be at 
the lowest point practicable of the dividing ridge, between the 
two branches of the canal. In selecting this point, and the di- 
rection of the two branches of the canal, the engineer will be 
guided by the considerations with regard to the natural features 
of the surface, which have already been dwelt upon. 

693. Supply of water, The quantity of water required for 
canals with a summit level, may be divided into two portions : 
Ist. That which is required for the summit level, and tnose lev- 
eis which draw from it their supply. 2d. That which is wanted 
for the levels below those, and which is fumished from other 
sources. 

The supply of the first portion, which must be collected at 
the summit level, may be divided into several Clements: Ist 
The quantity required to fiU the summit level, and the levels 
which draw their supply from it. 2d. The quantity required to 
supply losses, arising from accidents ; as breaches in the banks, 
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and the emptying of the lerels for repairs. 9d. The supplies 
for losses from surface eraporation, from leakage through the 
soll, and through the lock gates. 4. The quantity required for 
the Service of the navigation» arising from the passage of the 
boats from one level to another. Owing to the want of sufficient 
data, founded on accurate observations, no precise amount can 
be assigned to these various elements which will serre the engi- 
neer as data fpr rigorous calculation. 

The quantity required, in the first place, to fi/1 the summit 
level and its dependent levels, will depend on theis size, an Cle- 
ment which can be readily calculated ; and upon the quantity 
which would soak into the soil, which is aji eJement of a very 
indeterminate character, depending on the nature of the soil in 
the different leyels. 

The supplies for accidental losses aie of a still less determi- 
nate character. 

To calculate the supply for losses from surface evaporation, 
correct obsenrations must be made on the yearly amount of 
evaporation, and the quantity of rain that falls on the surface ; as 
the loss to be supplied will be the difference between these two 
quantities. 

With regard to the leakage through the soil, it will depend on 
the greater or less capacity which the soil has for holdinc; water. 
This dement varies not only with the nature of the soil, but also 
with the shorter or longer time that the canal may have been in 
use; it having been lound to decrease with time, and to be, 
comparatively, but trifling in old canals. In ordinary soils it 
nuiy be estimated at about two inches in depth eveiy twenty-four 
hours, for some time after the canal is first opened. The leak- 
age through the gates will depend on the workmanship of these 
parts. From experiments by Mr. Fisk, oa the Chesapedke and 
Ohio canal, the leakage through the locks at the suaunit level, 
which are 100 feet long, 15 feet wide, and have a lift of 8 feet, 
amounts to twelve locks füll daily, or about 62 cubic feet per 
rainute. The monthly loss upon the same canal, from evapora- 
tion and filtration, is about twice the quantity of water contained 
in it. From experiments made by Mr. J. B. Jervis, on the Erie 
canal, the total loss, from evaporation, filtration, and leakage 
through the gates, is about 100 cubic feet per minute, for each 
mile. 

In estimating the quantity of water expended for the Service 
of the navigation, in passing the boats from one level to another, 
two distinct cases require examination : — Ist. Where there is but 
one lock between two levels, or in other words, when the locks 
are isolated. 2d. When there are several contiguous locks, or, 
as it is termed, aißight of locks between two levels. 
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694. A lock is a small basin just large enouffh tö receive a 
boat, in which the water is usually confined on Sie sides by two 
upright walls of masonry, and at the ends by two eates, which 
open and shut, both for the purpose of aUowing the boat to pass, 
and to cut off the water of the upper level from the lower, as 
well as from the lock while the boat is in it. To pass a boat 
from one level to the other-*-irom the lower to the upper end, 
for example — the lower gates are opened^ and the boat having 
entered the lock they are shut, and water is drawn from the up- 
per level, by means of valves, to fill the lock and raise the boat ; 
when this Operation is finishedy the upper gates are opened, and 
the boat is passed out. To descend from the upper level, the 
lock is first nlled ; the upper gates are then openea, and the boat 

gissed in ; these gates are next shut, and the water is drawn 
om the lock, by valves, until the boat is lowered to the lower 
level, when die lower gates are opened and the boat is passed 
out. 

In the two Operations just described, it is evident, that for the 
passage of a boat, up or down, a quantity of water must be 
drawn from the uppet level to fUl the lock to a height which is 
equal to the difference of level between the surface of the water 
in the two ; this height is termed the lift of the lock, and the 
volume of water required to pass a boat up or down is termed 
the prism of lift, The caiculation, therefore, for the auantity 
of water requisite for the service of the navi^tion, will be simT 
ply that of the number of prisms of lift which each boat will 
draw from the summit level in passing up or down. 

695. Let a boat, on its way up, be supposed to have arrived 
at the lowest level supplied from the summit level ; it will re- 
quire a prism of lift to ascend the next level above, and so on in 
succession, until it reaches the summit level, from which one 
prism of Uft must be drawn to enable the boat to enter it. From 
this it appears that but one prism of lift is drawn from the sum- 
mit leverfor the passage of a boat up. Now, in descending on 
the other side, the boat will require one prism of lift to take it to 
the next level, and this prism of Uft will carry it dirough all the 
successive locks, if their Ufts are the same. ror the entire pas- 
sage of one boat, then, two prisms of lift must be drawn Kom 
the summit level. 

This boat will thus leave all the locks fuU on the side of the 
ascent, and empty on the side of the descent. Now the next boat 
may be going in the same, or in an opposite direction, with re- 
spect to the first. If it follows the first, it will evidendy require 
two prisms of lift for its entire passage, and will leave the locks 
in the same State as they were. If it proceeds in an opposite 
direction, it will require a prism of lift to ascend to the summit 
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lerel ; but, in descending, it will take adrantage of the fiill lock, 
left by the preceding boat, and will therefore not draw from the 
summit level for its descent to the next; the same will take 
place at every level until the last, where it will carry out with it 
the prism of lifty which was drawn from the summit lerel for the 
preceding boat, so that in this case it will draw but one prism 
of lift from the summit level. If the two boats had met on the 
summit level, the same would hare taken place: therefore, when 
the boats altemate regularly, each will require but one prism of 
lift for its entire passage. But as this regularity of altemation 
cannot be practically carried into effect, an allowance of two 
prisms of lift must t>e made for the entire passage of each boat 

In calculating the ezpenditure for locks in mghts, a new Cle- 
ment, termed the prism ofdraught^ must be taken into account. 
This prism is the quantity of water required to float the boat in 
the lock when the prism of lift is drawn off; and is evidently 
equal in depth to tne water in the canal, unless it should be 
deemed advisable to make it just sufBcient for the draught of the 
boat, by which a small saving of water might be effected. 

696. Locks in flights may be considered under two points of 
view, with regaid to the expenditure of water : the fiist, where 
both the prism of lift, and that of draught, are drawn off for the 
passage of a boat ; or second, where the prisms of draught are 
always retained in the locks. The expenditure, of course, will 
be different for the two cases. 

To ascertain what will take place in the two cases, let a case 

be supposed, in which tbere is a flight of locks on each side of 

the summit level, to connect it with the two next lower levels. 

In the first case, a boat, arriving at the foot of the flight, finds 

all the locks of the flight empty, except the lowest, which must 

cohtain a prism of drauffht to float the boat in. To raise the 

boat, then, to the upper level, all the locks of the flight must be 

filled from the sunmiit level, which will require as many prisms 

of lift as there are locks, and as many prisms of draught as there 

are locks less one ; or, representing oy l the prism oi lift, n the 

prism of draught, and n the number of locks in the flight, the 

total quantity of water, for the ascent of the boat, will be repre- 

sentedby ^, i /^ i\^ /i\ 

•' nL + (n — 1)d; . . . (1). 

In descending, on the opposite side, the boat will require a prism 
of lift and one of draught at the first lock ; but to enter the sec- 
ond another prism of draught in addition will be required, and 
this entire quantity will be sufficient to take it through all the 
remaining locks oi the flight : this quantity wül therefore be rep- 
resented by 

I. + 2D; (2). 
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SO tliat for the entire passage of the boat, the total expenditore 
will be represented by 

(n + l)L + (n + l)D. . (3). 

The flight, on one side, is thus left fuU after the passage of 
the first boat, and on the other side, empty. If a second boat, 
then, foUows directly after the first, the prism of lift must be 
drawn from the lowest lock to admit the boat, this prism is then 
supplied from the lock next above, and so on to the summit lev- 
el ; so that but one prism of lift will be drawn off for the ascent 
of this boat, and it will require one of lift, and two of draught, 
to carry it down the opposite flight. If, therefore, the total 
number of boats which follow in this order, including the first, 
be represented by m, the total expenditure will be represent- 
ed by 

(n + l)L + (n + l)D + (m-l)2L + (m — 1)2d. . (4). 

If the second boat, instead of foUowing the first, arrives in 
the opposite direction, or altemates with it, the expenditure for 
its ascent will be represented by the formula (1), and for its de- 
scent it will be nothing, since it finds the opposite flight filled, 
as left by the first boat ; but if the locks had been emptied, then 
the passage of the second boat would have taken place ander 
the same circumstances as that of the first. 

It will be unnecessary here to go farther into these calcula- 
tions for the various cases that may occur, under the different 
circumstances of passage of the boats or of empty or füll flights ; 
the preceding gives the spirit of the method, and will give the 
means for entering upon a caiculation to allow for the loss or 
gain by the passage of freighted or of emply boats, foUowing 
any prescribed Order of passage. These rennements are, for 
the most part, more curious than useful; and ihe engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards the order of passage and the 
number of boats. 

697. Feeders and Reservoirs, Having ascertained, from the 
preceding considerations, the probable supply which should be 
collected at the summit level, the engineer will next direct his 
attention to the sources from which it may be procured. Theo- 
retically considered, all the water that drains from the ground 
adjacent to the summit level, and above it, might be collected for 
its supply ; but it is found in practice that Channels for the con- 
veyance of water must have certain slopes, and that these slopes, 
moreover, will regulate the supply fumished in a certain time, 
all other things being equal. in making, however, the survey 
of the country, from which the water is to be supplied to the 
summit level, all the ground above it should be examined, leav- 
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ü)g the determination of the slopes for after considerations. The 
survey for this object consists in making an accurate delineation 
of all the water-courses above the summit level, and in ascer- 
taining the quantity of water which can be fumished by each in 
a given time. This survey, as well as the measurement of the 
quantity of water fumished by each strearo, which is termed the 
gauging, should be made in the driest season of the year, in Or- 
der to ascertain the minimum supply. 

698. The usual method öf coUecting the water of the sources, 
and conveying it to the summit level, is by feeders and reser- 
voirs. The feeder is a canal of a small cross section, which is 
traced on the surface of the ground with a suitable slope, to 
convey the water either into the reservoir, or direct to the 
summit level. The dimensions of the cross section, and the 
longitudinal slope of the feeder, should bear certain relations to 
each other, in order that it shall deliver a certain supply in a 
given time. The smaller the slope given to the feeder, the lower 
will be the points at which it will inlersect the sources of supply, 
and therefore the greater will be the quantity of water which it 
will receive. This slope, however, has a practical lirait, which 
is laid down al four inches in 1000 yards, or nine thousand base 
to one altitude ; and the greatest slope should not exceed that 
which would give the current a greater mean velocity ihan tbir- 
teen inches per second, in order that the bed of the feeder may 
not be injured. Feeders are furnished, like ordinary canals, 
with contrivances to let off a part, or the whole, of the water in 
them, in cases of heavy rains, or for making repairs. 

But a small proportion of the water collected by the feeders 
is delivered at the reservoir ; the loss from various causes being 
much greater in them ihan in canals. From observations made 
on some of the feeders of canals in France, which have been in 
use for a long period, it appears that the feeder of the Briare 
canal delivers only about one fourth of the water it galhers from 
its sources of supply ; and that the annual loss of the two feed- 
ers of the Languedoc canal, amounts to 100 times the quantity 
of water which they can contain. 

699. A reservoir is a large pond, or body of water, held in 
reserve for the necessary supply of the summit level. A reser- 
voir is usually formed by choosing a suitable site in a deep and 
narrow valley, which Hes above the summit level, and erecting a 
dam of eanh, or of masonry, across the outlet of the valley, or 
at some more suitable point, to confine the water to be collected. 
The object to be attained, in this case, is to embody the greatest 
volume of water, and at the same time present the smallest 
eVaporating surface, at the smallest cost for the construction of 
the dam. 
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It is generally deemed best to have two reservoups for «ihe suj)- 
ply, one to oontain the greater quantity of water, and 'the othör, 
wnich is termed the distrihuting reservoir, to regulate the sup- 
ply to the s»mmit level. If, however, the summit leTel is very 
capacious, it may be used as the distrihuting reservoir. 

The Proportion between the quantity of water that falls upön 
a given surface, and that which can be coUected iirom it for the 
supply öf a reservoir, varies considerably with the latitude, the 
season of the year, and the natural features of the locality. The 
drainage is greatest in high latitudes, and in the winter and spring 
seasons ; with respect to the natural features, a wooded surface 
with narrow and deep Valleys will yield a larger amount than an 
open flat country. 

But few observations have been made on this point by enei- 
neers. From so'me by Mr. J. B. Jervis, in reference to the 
reservoirs for the Chenango canal, in the State of New York, it 
appears that in that locality about two fifths of the quantity of 
rain may be coUected for the supply of a reservoir. The pro- 
portion usually adopted by engineers isone third. 

The loss of water from the reservoir by evaporation, filtration, 
and other causes, will depend upon the nature of the soil, and 
the exposure of the water surface. From observations made 
upon some of the old reservoirs in England and France, it ap- 
pears that the daily loss averages about half an inch in depth. 

700. The dams of reservoirs have been variously constructed: 
in some cases they have been made entirely of earth, (Fig. 167;) 
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Fig. 167— Represents the section of a dam with three dischargiog culverts. 

A, iDodj of the dam. 

B, pond. 

a, 0, a, culverts, with valves at their inlets. which discharge into the vertical well h, 
Ct c, c, grooves. in the facee of the side-walbs, which form the entrance to the culverts, 

for etop-plank. , , 

d, stop-piaok dam acroes the outlet of the bottom culvert, to dam back the water mto 

the vertical well. 
f , parapet wall on top of the dam. 

in others, entirely of masonry ; and in others, of earth packediin 
between several paprallel stone walls. It is now thougnt best to 
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me either earth or niasonry alone, accoidiog to the circam- 
■tances of the caae ; the comparative expense of the two meth- 
oda being carefiilly considered. 

Earthen dams should be made with extreme care, of the best 
binding earth, well freed firom every thing that might cause fil- 
trations. A wide trench should be excarated to the firm seil, to 
receive the base of the dam ; and the earth should be careiully 
•pread and rammed in layers not over a foot thick. As a farther 
precaution, it has in some instances been thought necessary to 
place a Stratum of the best clay puddling in the centre of the 
dam» reaching from the top to three or four feet below the base. 
The dam may be from fineen to twenty feet thick at top. The 
slope of the dam towards the pond should be from three to six 
base to one perpendicular ; the reverse slope need only be some- 
what greater than the natural slope of the earth. 

The slope of dams exposed to the water is usually faced 
with dry stone, to protect the dam from the action of the surface 
ripple. This kind of facing has not been found to withstand 
well the action of the water when agitated by high winds. Upoo 
some of the more recent earthen dams erected in France, a facing 
of stone laid in hydraulic mortar has been substituted for the one 
of dry stone. The plan adopted for this facing (Fig. 168) con- 

Flff. 168— RepraentB the method 
of facinir the pond dope of a 
dam, with low walk piaeed in 
olbetB. 

A, body of the dam. 

a, a, a, low walk, the faees of 
which are built m offsets. 

bt b, top nrface of the offsets be- 
tween the walk, covered with 
stone slabs laid in mortar. 

c, top of dam faced lik» the oo- 
wts b. 

d, paiapet wall. 

sists in placing a series of low walls, in ofTsets abore each other, 
along the slope of the dam, corering the exposed surface of each 
offsety between the top of one wall and the foot of the next, with 
a coating of slab-stone laid in mortar. The walls are from five 
to six feet high. They are carried up in small ofisets upon the 
face, and are made either vertical, or leaning, on the back. The 
width of the offsets of the dam, between the top of one wall and 
the foot of the next, is from two to three feet. 

An arched culvert, or a large cast-iron pipe, placed at some 
suitable point of the base of ihe dam, which can be closed or 
opened bv a ralve, will serve for drawing off the requisite 
•upply of water, and for draining the reservoir in case of re- 
pairs. 

The culvert should be strongly constructed, and the earth 
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around it be well puddled and rammed, to prerent filtrations. 
Its size should be sufficient for a man to enter it with ease. 
The valves may be placed either at the entrance of the culverty 
or at some intermediate point between the two ends. Great 
care should be taken in their arrangement, to secure them from 
accidents. 

When the depth of water in a resenroir is considerable, several 
culverts should oe constructed, (Fig. 167,) to draw off the water at 
different levels, as the pressure upon the lower valves in this case 
would be very great when the reservoir is füll, They may be 
placed at intervals of about twelve feet above each other, and be 
arranged to discharge their water in a common vertical shaft. 
In this case it will be well to place a dam of timber at the outlet 
of the bottom culvert, in order to keep it filled with water, to 
prevent the injury which the bottom of it might receive from the 
water discharged from the upper culverts. 

The side walls which retain the earth at the entrance to the 
culverts, should be arranged with grooves to receive pieces of 
scantling laid horizontally between Üie walls, termed stop-planks^ 
to form a temporary dam, and cut off the water of the reser- 
voir, in case of repairs to the culverts, or to the face of the 
dam. 

The valves are small sliding ^ates, which are raised and low- 
ered by a rack and pinion, or oy a square screw. The cross 
section of the culvert is contracted by a partition, either of ma- 
sonry or timber, at the point where the vaive is placed. 

701. Dams of masonry are water-tight walls, of suitable forma 
and dimensions to prevent filtration, and resist the pressure of 
water in the reservoir. The most suitable cross section is that 
of a trapezoid, the face towards the water being vertical, and 
the exterior face inclined with a suitable batter to give the wall 
suf&cient stability. The wall should be at least four feet thick 
at the water line, to prevent filtration, and this thickness may be 
increased as circumstances may seem to require. Buttresses 
should be added to the exterior facing, to give the wall greater 
stability. 

702. Suitable dispositions should be made to relieve the dam 
from all surplus water during wet seasons. For this purpose 
arrangements should be made for cutting off the sources of sup- 
ply from the reservoir; and a.cut, termed a tiHW<c-«?eir, (Fig. 
169,]^ of suitable width and depth should be made at some point 
along the top of the dam, and be faced with stone, or wood, to 
give an outlet to the water over the dam. In high dams the 
total fall of the water should be divided into several partial fall«, 
by dividing the exterior surface over which the water runs into 
öffsets. To break the shock of the water upon the horizontal 
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aurface of the ofiset, it should be kept cov^^ wüh a she^t-of 
water retained by a dam placed across its oudet. 




Fig. 10»— Reprwents a section of a waste-weir divided into two faUs. 

A, body of tne dam. 

a, top of the waste-weir. 

bt pooK formed by a stop-plank dam at c, to break the fall of the water. 

^oofeiing of kioin «tone to break the faB of the water fram the pool aboye. 

703. In extensive reservoirs, in which a large surface is ex- 
posed to the action of the winds, waves might be forced over 
the top of the dam, and subject it to danger ; in such cases the 

Secaution should be taken of placing a parapet wall towards 
e outer edge of the top of the dam, and facing the top through- 
out with flat stones laid in mortar. 

704. Lift of locks. From the preceding observations on the 
oxpenditure of water for the service of the navigation, it appears 
that isolated locks are more favorable under this point oi view 
than locks in ilights. The engineer is not, however, always left 
free to select between the two Systems ; for the form of the 
natural surface of the ground may compel him to adopt a flight 
of locks at certain points. As to the comparative expense of the 
two methods, a flight is in most cases cheaper than the same 
number of single locks, as there are certain parts of the masonry 
which can be suppressed. There is also an economy in the 
»uppression of the small gates, which are not needed in flights. 
It is, however, more difficult to secure the foundations of com- 
bined than of single locks from the eflects of the water, which 
fbrces its way from the upper to the lower level under the locks. 
Where an active trade is carried on, a double flight is sometimes 
arranged ; one for the ascending, the other for the descending 
boats. In this case the water which fills one flight may, after 
the passage of the boat, be partly used for the other, by an 
arrangement of valves made in the side wall separating the 
locks. 

The lift of locks is a subject of importance, both as re^ds 
the consumption of water for the navigation, and the economy 
öf construction. Locks vnth great Ufts, as may be seen from 
the remarks on the passage of boats, consume more water than 
those with small lifts. They require also more care in their 
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construction, to preserve them from accidents, owing to the great 
pressure of water against their sides. The expense of construc- 
tion is otherwise in their favor; that is, the expense will increase 
with the total number of locks, the height to oe ascended being 
the same. The snnallest lifts are seldom less tfaan five feet, and 
the greatest, for ordinary canals, not over twelve ; medium lift? 
of seven or eight feet are iponsidered the best under every point 
of view. This is a point, however, which cannot be settled 
arbitrarily, as the nature of the foundations, the materials u^ed, 
the embankments around the locks, the changes in the direction 
of the canal, caused by varying the lifts, are so many modifying 
causes, which should be carefuUy weighed before adopting a 
definitive plan. 

The lifts of a.fiisht should be the same throughout; but in 
isolated locks the lifts may vary according to circumstances. If 
the supply of water from the summit level requires to be econo- 
mized with care, the lifts of locks which are fumished from it 
may be less than those lower down. 

705. Levels. The position and the dimensions of the levels 
must be mauily determined by the form of the natural surface. 
Those points are naturally chosen to pa»s from one level to 
another, or as the positions for the locks, where there is an ab- 
rupt change in the surface. 

A level, by a suitable modification of its cross section, can be 
made as short as may be deemed desirable ; there being but one 
point to be attended to in this, which is, that a boat passing be- 
tween the two locks, at the ends of the level, will have time to 
enter either lock before it can ground, on the supposition, that 
the water drawn off to fiU the lower lock, while the boat is tra- 
versing the level, will just reduce the depth to the draught of the 
boat. 

706. Locks. A lock (Fig. 170) may be divided- into three 
distinct parts : — Ist. The part included between the two gates, 
which is termed the Chamber, 2d. The part above the upper 

frates, termed the fore, or head-bay, 3d. The part below the 
ower gates, termed the aft, or tail^ay. 

707. The lock Chamber must be wide enough to allow an 
easy ingress and egress to the boats conunonly used on the ca- 
nal; a surplus width of one foot over the width of the boat across 
the beam is usually deemed sufficient for this purpose. The 
length of the Chamber should be also regulated by that of the 
boats; it should be such, that when the boat enters the lock 
from Üie lower level, the tail-gates may be shut without requiring 
the boat to unship its rudder. 

The plan of the Chamber is usually rectangular, as this fomi 
is, in every respect, superior to all others. In the cross section 
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flf. 170— Repnients a plan M, and a MotloD N, tbroogh the axls of a Single loek laid on a be> 
ton fimndatioo.— A, loek-chamber. B, foro-bay. C, tall-bay. «, «, cbamber^walls. ft, ft, m- 
cesiM or Chambers in tbe side walls for npper^tes. c, e, lower-gate chambera. d, d, IMI 
wall and npper mltre sill. «, e, Iower mitre sUl. A, A, tail walls. «, «, bead walls. m, m, 
Upper wlnf, or ntwn wallt. «, «, Iower wiag walls. P» body of nasonry ander the fora-faay . 
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of the Chamber, (Fig. 171,) the sidea receive generally a BÜght 



..le chsinber. 

A, A, Chamber wbIIl 

B, Chamber fonned with an inreitod-lrcli botUnn. 



batter ; as when so arranged they are found to give greater fa- 
cility to the pasaage of the boat than when Tertieal. The bol- 
tom of the chamber is either flat or curred ; more water will be 
required to fill the flat-bottomed Chamber than the curved, but il 
will require less masonry in its construclion. 

708. The chamber ia terminaled ^ust within the head gates by 
a rertical wall, the plan of which is usually curved. Äs this 
wall separates the upper frorci the lower level, it is termed the 
Wt-wall ; it 19 usually of the same height as the lift of the lev- 
eis. The top of the lift-wall is formed of cut stone, the vertical 
joints of which are normal to the curved face of the wall ; this 
top course projecta from six to nine inches above the bottom of 
the Upper level, presenttng an angidar point, for the bottom of 
the head-gates, when ehut, to rest against. This is termed the 
mitre-sill. Various degrees of opening have been given to the 
angle between the two oranches of the mitre-sill ; it is, however, 
generally so deteimined, that the perpendicular of the isosceles 
triangle, formed by the two branches, shall vary between one 
fifth and one sisth of the base. 

As stone mitre-sills are liable to injury from the shock of the 
gate, they are now uBually constructed oi timber, (Fig. 172,) by 



Fifi. ITC— RepRaenli a plan of a nooden miln- 
nl], and B horiioiktal aecUon of a loctgotc 
(Fig. 173] pkissd. 



framing two strong beams with the proper angle for the gate 
when closed, and securing them firmly upon the top of the lifi- 
wall. It vriil be well to place the top of the mitre-aill on the 
lift-wall a little lower than the bottom of the canal, to preaerve 
it from being fitruck by the keel of the boat on entering, or 
leaving the lock. 

709. The cross section of the chamber walle is usually tiape- 
zoidal ; the facing receires a slight batter. The chamber walls 
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axe exposed to two opposite efforts ; the water in the lock on 
one aide, and the embankment against the wall on the other. 
The pressure of the embankment is the greater as well as the 
more permanent effort of the two. The dimensions of the wall 
must be regulated by this pressure. The usual manner of doing 
Ulis, is to make the wall four feet thick at the water line of the 
Upper level, to secure it against filtration ; and then to delermine 
the base of the batter, so that the mass of masomy shall present 
sufficient stability to counteract the tendency ot the pressure. 
The spread, and other dimensions of the foundations, will be 
regulated according to the nature of the soil, in the same way 
as in other structarcs. 

710. The bottom of the Chamber, as has been stated, may be 
either flat or curved. The flat bottom is suitable to very firm 
soils, which will neilher yield to the vertical pressure of Öie 
Chamber walls, nor admit the water to filter from the upper level 
under the bollom of the lock. In either of the contrary cases, 
the bottom should be made with an inverted arch, as this form 
will oppose creater resistance to the upward pressure of the 
water under the bottom, and will serve to distribute the weight 
of the walls over the portion of the foundation under the arch. 
The thickness of the masonry of the bottom will depend on the 
width of the Chamber, and the nature of the. soil. Were the 
soil a solid rock, no bottoming would be requisite ; if it is of soft 
mud, a very solid bottoming, from ihree to six feet in thickness, 
might be requisite. 

711. The principal danger to the foundations arises from the 
water which may nlter from the upper to the lower level, under 
the bottom of the lock. One preventive for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the end 
of the head-bay ; another, whicli is more expensive, but more 
certain in its efiects, consists in forming a deep trench of two or 
three feet in width, just under the head-bay, and fiUing it with 
beton, which unites at top with the masonry of the head-bay. 
Similar trenches might be placed under the Chamber were it 
considered necessary. 

712. The lift-wall usually receives the same thickness as the 
Chamber walls ; but, unless the soil is very firm, it would be 
more prudent to form a general mass of masonry under the en- 
tire bead-bay> to a level with the base of the cnamber founda- 
tionSy of which mass the lift-wall should form a part. 

713. The head-bay is enclosed between two parallel walls, 
which form a part of the side walls of the lock. They are ter- 
minated by two wing walls, which it will be found most eco- 
nomical to run back at right angles with the side walls. A re- 
(pe3s, terined the gate^chamber, is made in the wall of the hes^d- 
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bay ; the depth of tbis recess should be sofficient to aUow the 
gate, when open, to fall two or three inches within the facing of 
the wall, so tnat it may be out of the way when a boat is pass- 
ing ; the length of the recess should be a few inches more than 
the width of the gate. That part of the recess where the gate 
turns on its pivot is tenned xhe^fiollow quoin ; it receives what 
is termed the heel^ or quoin-post of the gate, which is saadg of a 
suitable form to fit the hoUow quoin. The dietance betweeh the 
hollow quoins and the face of the hft-wall will depend. on the 
pressure against the mitre-sill, and the strength oi the stone ; 
eighteen inches will geneially be foiHid amply sufficient. 

The side walls need not extend more tnan twelve inches be- 
yond the other end of the gate-chamber. The wing walls may 
be extended back to the total width of the canal, but it will be 
more economical to narrow the canal near the lock, and to ex- 
tend the wing walls only about two feet into the banks, or sides. 
The dimensions of the side and wing walls of the head-bay are 
regulated in the same way as the Chamber walls. 

The bottom of the head-bay is fiat, and on the same level with 
the bottom of the canal ; the exterior course of stones at the en- 
trance to the lock should be so jointed as not to work loose. 

714. The gate-chambers for the lower gates are made in the 
Chamber walls ; and it is to be observed, that the bottom of the 
Chamber, where the gates swing back, should be flat, or be oth- 
erwise arranged not to impede the play of the gates. 

715. The side walls of the tail-bay are also a part of the gen- 
eral side walls, and their thickness is regulated as in the prece* 
ding cases. Their lencth will depend chiefly on the pressure 
which the lower gates throw against them when the lock is füll ; 
and partly on the space required by the lock-men in opening.,and 
shutting gates manoeuvred by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side walls are also terminated by wing 
walls, similarly arranged to those of the head-bay. The points 
of junction between the wing and side walls should, in both 
cases, either be curved, or the stones at the angles be rounded 
off. One or two perpendicular grooves are sometimes made in 
the side walls of the tail-bay, to receive stop-planks, when a 
temporary dam is needed, to shut off the water of the lower level 
from the Chamber, in case of repairs, &c. Similar arrangements 
might be made at the head-bay, but they are not indispensable 
in either case. 

The strain on the walls at the hollow quoins is greater than at 
any other points, owing to the pressure at those points from the 
gates, when they are shut, and to the action of the gates when 
in motion; to counteract this, and strengthen the walls, butr 
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tresses should be placed at the back of the walls, in the most 
favorable position oehind the quoins to subserve the object in 
view. 

The bottom of the tail-bay is arranged, in all reapects, like 
that of the head-bay. 

716. The top of th« side waüs öf the lock may be from one 
to two ^et above the general lerel of the water in the upper 
reach; the top coarse of the masonry being of heavy large 
blocke of cut stone, although this kind of coping is not indis- 
pensable, as smaller masses have been found to suit the same 

f)urpo8ey but they are less durable. As to the masonry of the 
ock, in general, it is only necessary to observe, that those parU 
alone need be of cut stone where there is great wear and tear 
from any cause, as at the angles generally ; or where an accu- 
rate finish is indispensable, as at tne hoUow quoins. The other 
parts may be of brick, xubble, beton, &c., but every part should 
be laid in the best hydraulic mortar. 

717. The filling and emptying the lock Chamber have given 
rise to värious discussions and experiments, all of which have 
been reduced to the comparative adtantages of letting the water 
in and off by valves made in the gates themselves, or by culverts 
in the side walls, which are opened and shut by yalves. When 
the water is let in through valves in the gates, its effects on the 
sides and bottom of the Chamber are found to be very injurious, 
particularly in high lift-walls ; besides the inconvenience result- 
ing from the agitation of the boat in the lock. To obviate this, 
in some de^ee, it has been proposed to give the lift-wall the 
form of an mclined curved surface, along which the water might 
descend without producing a shock on the bottom. 

718. The side culverts are small arched conduits, of a circu- 
lar, or an elliptical cross section, which are made in the mass 
of masonry oi the side-walls, to convey the water from the Up- 
per level to the Chamber. These culverts, in some cases, run 
the entire length of the side walls, on a level with the bottom 
of the Chamber, from the lift-wall to the end of the tail-wall, and 
have several outlets leading to the Chamber. They are arranged 
with two valves, one to close the mouth of the culvert, at the 
Upper level, the other to close the outlet from the Chamber, to 
the lower level. This is, perhaps, one of the best arrangements 
for side culverts. They all present the same difficulty in making 
repairs when out of order, and they are moreover very subject 
to accidents. They are therefore on these accounts mferior to 
valves in the gates. 

719. It has also been proposed, to avoid the inconveniences 
of culverts, and the disadvantages of lift-walls, foy suppressing 
the latter, and gradually increasing the depth of the upper level. 



to the bottom of the Chamber. This method presents a saving 
in the mass of masonry, but the gateei will cost moie, aa the 
head and tail gates must be of the same height. It would en- 
tirely remove the objection to valves in the gatea, as the current 
through them, in this case, would not be sufficiently strong to 
injure the masoory. 

720, The bottom of the canal heloir the lock should be pro- 
tected by what is ternied an apron, which is a covering of plank 
laid on a grillage, or eise one of brush-wdod and dry stone. The 
sides should also be faced with timber or dry stone. The length 
of this facing will depend on the strength of the current ; gene- 
rally not more than from fifteen to thirty feet from the lock will 
require it. The entrance to the head-bay is, in some cases, 
similarly protected, but this is nnnecessary, as the current has 
but a very slight effect at that point. 

721. Locks constructed of timber and dry stone, termed com- 
ponte-locks, are to be met with on several of the canals of the 
United States. The side walls are formed of dry stone carefully 
laid ; the sides of the Chamber being faced with plank nailed to 
horizontal and upright timbera, which are lirmly secured to the 
dry stone watls. The walls rest upon a platform laid upon heavy 
beams placed transveraely to the axis of the lock, The b.ottom 
of the Chamber usually receives a double thickneas of plank. 
The quoin-posts and mitre-aills are formed of heavy. beams. 

723. Lock Gates. A lock gate (Fig. 173) is composed of two 




leaves, each leaf consiating of a solid frame-woric covered on 
the aide lowards ihe water with thick plank made water-tight 
The frame usuaily consists of two uprights, of several horizon- 
tal cross pieceB let into the uprighla, Eind sometimea a diagonal 
piece, or biace, intended to keep the frame of an invariable 
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form, is added. The upright, around whioh the leaf turns, termed 
the qtioin or Iwefl^postf is rounded off on the back to fit in the 
hollow quoin ; it is made slightly eccentric whh it, so that it may 
tum easily without rubbin^ against the quoin ; its lower end rests 
on an iron gudgeoriy to which it is fitted by a corresponding in- 
dentation in an iron socket on the end ; the upper extremity is 
secured to the side walls by an iron collar, within which the post 
tums. The collar is so arranged that it can be easily fastened 
to, or loosened from two iron bars, termed anchor^irons, which 
are firmly attached by bolts, or a lead sealing, to tlie top course 
of the walls. One of the anchor-irons is placed in a hne with 
the leaf when shut, the other in a line with it when open, to re- 
sist most effectually the strain in those two positions of the gate. 
The opposite upright, termed the mitre-postj has one edge ber- 
elled on, to fit against the mitre^post of the other leaf of the 
gate. 

723. A long heavy beam, termed a balance beam, from its 
partially balancing the weight of the leaf, rests on the quoin 

?08t, to which it is secured, and is mortised with the mitre post. 
^he balance beam should be about four feet above the top of the 
lock, to be readily manoeuvred ; its principal use being to open 
and shut the leaf. 

724. The top cross piece of the gate should be about on a 
level with the top of the lock ; the bottom cross piece should 
Swing clear of the bottom of the lock. The position of the in- 
termediate cross pieces may be made to depend on their dimen- 
sions : if they are of the same dimensions, tney should be placed 
nearer together at the bottom, as the pressure of the water is 
there greatest; but, by making them of unequal dimensions, 
they may be placed at equal distances apart ; tliis, however, is 
not of much importance except for large gates, and considerable 
depths of water. 

The plank may be arranged either parallel to the uprights, or 
parallel to the diagonal brace ; in the iatter position they will act 
with the brace to preserve the form of the frame. 

725. A Wide board supported on brackets, is often affiixed to 
the gates, both for the manoeuvre of the machineir of the valves, 
and to serve as a foot bridge across the lock. The valves are 
small gates which are arranged to dose the openings made in 
the gates for letting in, or drawing off the water. They are ar- 
ranged to slide up and down in grooves, by the aid of a rack and 
pinion, or a Square screw ; or they may be made to open or shut 
by turning on a vertical axis, in which case they are termed pad- 
dle gates. The openings in the upper gates are made between 
the two lowest (iross pieces. In the lower gates the openings 
are placed just below the surface of the water in the reach. The 
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size of the opening will depend on the time in which it is re- 
quired to fill ihe lock. 

726. Accessory Works. Under this head are classed those 
constructions which are not a part of the canal proper, although 
generally fotind necessary on all canals : as the culverts for con- 
veying ofF the water courses which intersect the line of the canal; 
the inlets of feeders for the supply of water ; aqueduct bridges, 
&c. &c. 

727. Culverts. The disposition to be made of water courses 
intersecting the line of the canal will depend on their size, the 
character of their current, and the relative positions of the canal 
and stream. 

Small brooks which He lower than the canal may be conveyed 
under it through an ordinary culvert. If the level of the canal 
and brook is nearly the same, it will then be necessary to make 
the culvert in the shape of an inverted syphon, and it is therefore 
termed a broken-back culvert. If the water of the brook is 
generally limpid, and its current gentle, it may, in the last case, 
be received into the canal. The communication of the brook, or 
feeder, with the canal, should be so arranged that the water may 
be shut ofF, or let in at pleasure, in any quantity desired. For 
this purpose a cut is made through the side of ihe canal, and the 
sides and bottom of the cut are faced with masonry laid in hy- 
draulic mortar. A sliding gate, fitted into two grooves made in 
the side walls, is manoeuvred by a rack and pinion, so as to reg- 
ulate the quantity of water to be let in. The water of ihe feeder, 
or brook, should first be received in a basin, or reservoir, near 
the canal, where it may deposite its sediment before it is drawn 
ofF. In cases where the line of the canal is crossed by a torrent, 
which brings down a large quantity of sand, pebbles, &c., it may 
be necessary to make a permanent structure over the canal, form- 
ing a Channel for the torrent ; but if the discharge of the torrent 
is only periodical, a moveable Channel may be arranged, for the 
same purpose, by constructing a boat with a deck and sides to 
form the water-way of the torrent. The boat is kept in a recess 
in the canal near the point where it is used, and is floated to its 
Position, and sunk when wanted. 

728. Aqueducts, <^. When the line of the canal is intersect- 
ed by a wide water-course, tlie communication between the two 
shores must be efFected either by a canal aqueduct bridge, or by 
the boats descending from the canal into the stream. As the 
construction of aqueduct bridges has already been considered, 
nothing farther on this point need here be added. The expe- 
dient of crossing the stream by the boats may be attended with 
many grave inconveniences in water courses liable to freshets, 
or to considerable variations of level at different seasons. iln 
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these cases locks must be so anranged on each side, where the 
canal enters the stream, tbat boats may pass from the one to the 
other under all cürcumstances of difference of leyel between the 
two. The locks and the portions of the canal which join the 
stream must be secured against damage from freshets by suita- 
ble embankments ; and, when the summer water of the stream 
is so low that the navi^ation would be impeded, a dam across 
the stream will be requisite to secure an adequate depth of water 
dming this epoch. 

729. Canal Bridges. Bridges for roads over a canal, termed 
canal'bridgeSf are constructed Uke other structures of the same 
kind. In planning them the engineer should endeavor to giTe 
sufficient height to the bridge to prevent those accidents, of but 
too frequent occurrence, from persons Standing upright on the 
deck of the passage-boat while passing under a bridge. 

730. Waste-Wier. Waste-wiers must be made along the 
levels to let off the surplus water. The best position for them 
is at points where they can discharge into natural water courses. 
The best arrangement for a waste-wier is to make a cut through 
the side of the canal to a level with the bottom of it, so that, in 
case of necessity, the waste-wier may also serve for draining the 
level. Tiie sides and bottom of the cut must be faced with ma- 
sonry, and have grooves left in them to receive stop-plank, or a 
sUding gate, over which the surplus water is allowed to flow, 
under the usual circumstances, but which can be removed, if it 
be found necessary, either to let off a larger amount of water, or 
to drain the level completely. 

731. Temporary Dams. In long levels an accident happen- 
ing at any one point might cause serious injury to the navigation, 
besides a great loss of water. To prevent this, in some meas- 
ure, the width of the canal may be diminished, at several points 
of a long level, to the width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
stop-planks, to form a temporary dam for shutting off the water 
on either side. 

732. TVcfe, or Guard Lock. The point at which a canal en- 
ters a river requires to be selected with judgment. Generally 
speaking, a bar will be found in the principal water course at, 
or below, the points where it receives its amuents. When the 
canal, therefore, foUows the Valley of an affluent, its outlet 
should be placed below the bar, to render its navigation perma- 
nently secure from obstruction. A large basin is usually formed 
at the outlet, for the convenience of commerce ; and the entrance 
from this basin to the canal, or from the river to the basin, is ef- 
fected by means of a lock with double gates, so arranged that a 
boat can be passed either way, according as the level in the one 
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18 higher or lower than tbal in the other. A lock so arranged is 
termed a tiäcy or guard lock, from its uses. The position of 
the tail of this lock is not indifferent in all cases where it forms 
the outlet to the river ; for were the tail placed up stream, it 
would be more difficult to pass in or out, than if it were down 
stream. 

733. The general dimensions of canals and their locks in this 
country and in Europe, with occasional exceptions, do not differ 
in any considerable degree. 

English Canals, Two classes of canals are to be met with in 
England, differing materially in their dimensions. The following 
are the usual dimensions of the cross section of the largest size, 
and those of their locks ; — 

Width of section at the water level, from 36 to 40 feet. 
Width at bottom, .... 24 

Depth, ...... 5 

Length of lock between mitre-sills, 75 to 85 

Width of Chamber, . . . . 15 

The Caledonian canal, in Scotland, which connects Loch-Eil 
on the Western sea with Murray Firth on the Eastem, is re- 
markable for its size, which will admit of the passage of frigates 
of the second ckss. The following are the principal dimensions 
of the cross section of the canal and its locks : — 
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180 

40 
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» Width of canal at the water level, 
Width at bottom, .... 

Depth of water, . . • . 

Width of berm, 

Length of lock between mitre-sills, 

Width of Chamber at top, 

Lift of lock, 

The side walls of the locks are built with a curved batter ; 
they are of the uniform thickness of 6 feet, and are strengthened 
by counterforts, placed about 15 feet apart, which are 4 feet wide 
and of the same thickness. The bottom of the Chamber is fQrm- 
ed with an inverted arch. 

French Canals. In France the following uniform System has 
been established for the dimensions of canals and their locks : — 

. Width of canal at water level, . . 52 feet. 

Width at bottom, . . . 33 to 36 " 

Depth of water, 5 

Length of lock between mitre-sills, . 115 

Width of lock, 17 " 

The boats adapted to these dimensions are from 105 to 108 
feet long, 16^ feet across the beam, and have a draught of 4 feet. 

43 
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The English and French canals usually have but one tow-path, 
which is from 9 to 12 feet wide, and about 2 feet above the wa- 
ter level. The aide of the tow-path embankment next to the 
water-way, is usually faced either with dry stone, masonry, or 
planks retained by short piles. 

Canals of the United States and Canada. The original di* 
mensions oi the New- York Erie canal and its locks, have been 
generally adopted for similar works subsequently constructed in 
most of the other states. The dimensions of this canal and its 
locks are as foUows : — 

Widlh of canal at top, .... 40 feet. 
Width at bottom, .... 28 " 

Depth of water, 4 " 

Widlh of tow-path, . . . . 9 to 12 " 
Length of locks between mitre-sills, 90 " 

Width of locks, . . . . 15 " 

For the enlargement of the Erie canal, the following dimen- 
sions have been adopted : — 

Width of canal at top, .... 70 feet. 

Width at bottom, . . • 42 

Depth of water, 7 

Width of tow-path, . • . 14 

Length of locks between mitre-sills, . 110 

Width of lock at top, . . . 18.8" 

Width of lock at bottom, . . 14.6 

Lift of locks, . ... . 8 

Between the double locks a culvert is placed, which allows 
the water to flow from the level above the lock to the one below, 
when there is a surplus of water in the fonner. 

A well, or pit, is left between the lift-wall of the lock and the 
cross wall which retains the earlh at the head of the lock to the 
level of the bottom of the canal. This pit, receiving the deposite 
of sand and gravel brought down by the current, prevents it from 
obstructing the play of the gates. 

On the Chesapeake and Ohio canal, the cross section of the 
canal below Harper's Ferry has received the following dimen- 
sions : — 

Width of canal at top, .... 60 feet. 

Width at bottom, .... 42 " 

Depth of water, ..... 6 " 

Length of locks between mitre-sills, . 90 " 

Width of locks, . . . . . 15 " 

The following dimensions have been adopted on the James 
river canal, in Virginia : — 
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Width of canal at top, 

Width at bottom, 

Depth of water, .... 

Length of locks, 

Width of locks, .... 


50 feet 

30 " 

5 « 

100 " 

15 " 
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The Rideau canal, which connects Lake Ontario with tbe 
River Ottawa, is arranged for steam navigation. A cönsiderable 
portion of this line consists of slack-^ater navigation, formed by 
connecting the natural water-courses between the outlets of the 
canal. The length of the locks on this canal is 134 feet between 
the mitre-sills, and their width 33 feet. 

The Weiland canal, between lakes Erie and Ontario, as origin- 
ally constructed, received the foUowing dimensions : — 

Width of canal at top, . . . • 56 feet. 

Width at bottom, . . • . 24 " 

Depth of water, 8 " 

Length of locks bet wen mitre-sills, . 110 

Widlh of locks, 22 

The canals and locks made^ to avoid the dangerous rapids of 
the St. Lawrence are in all respects among the largest in the 
World. The. foUowing are the dimensions of the portion of the 
canal and the locks between Long Sault and Comwall : — 

Width of canal at top, .... 132 feet. ' 

Width at bottom, . . . 100 " 

Depth of water, 8 " 

Width of tow-path, . . . . 12 *' 

Length of locks between mitre-sills, . 200 *^ 

Widlh of locks at top, . . . 56.6 " 

Width of locks at bottom, . , • 43 " 

A berm of 5 feet is left on each side between the water wvy 
and the foot of the interior slope of the tow-path. The height 
of the tow-path is 6 feet above the berm. By increasing the 
depth of water in the canal to 10 feet, the water line at top can 
Cte increased to 150 feet. 
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RIVERS. 

734. Natural features €f Rivers. All rivers present the same 
natural features and phenomena, which are more or less stronglv 
marked and diyersined by the chaiacter of the region througn 
which they flow. Taking their rise in the highlands, and gradu- 
ally descending thence to some lake, or sea, their beds are med- 
ified by the nature of the soil of the Valleys in which they lie, 
and the velocitiea of their currents are affected by the same 
causes. Near their aources, their beds are usually rocky, irregulär, 
narrow, and steep, and their currents are rapid. Approaching 
their outlets, the beds become wider and more regulär, the de- 
diyity less, and the current more gentle and uniform. In the 
Upper portions of the beds, their direction is more direct, and the 
obstructions met with are usually of a permanent character, aris- 
ing from the inequalities of the bottom. In the Iower portions, 
the beds assume a more tortuous course, winding through their 
Talleys, and forming those abrupt bends, termed elbaws, which 
teem subject to no fized laws ; and here are found those ob- 
structions, of a more changeable character, termed bars, which 
are caused by deposites in the bed, arising from the wear of the 
banks by the current. 

735. The relations which are found to exist between the cross 
section of a river, its longitudinal slope, the nature of its bed, 
and its volume of water, are termed tne regimen of the river. 
When these relations remain permanently invariable, or change 
insensibly with time, the river is said to liave aßxed regimen. 

736. Most rivers acquire in time a fixed regimen, although 
periodically, and sometimes accidentally, subject to changes 
from freshets caused by the melting of snow, and heavy falls of 
rain. These variations in the volume of water thrown into \he 
bed, cause corresponding changes in the velocity of the current, 
and in the form and dimensions of the bed. These changes will 
depend on the character of the soil, and the width of the valley. 
In narrow Valleys, where the banks do not readily yield to the 
action of the current, the effects of any Variation of velocity will 
only be temporarily to deepen the bed. In wide Valleys, where 
the soil of the banks is more easily worn by the current than the 
bottom, any increase in the volume of water will widen the bed ; 
and if one bank yields more than the other, an elbow will be 
formed, and the position of the bed will be gradually shifted to- 
wards the concave side of the elbow. 
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737. The formation of elbows occasions also variations in the 
depth and velocity of the water. The greatest depth is found 
at the concave side. At the straight portions which connect two 
elbows, the depth is found to decrease, and the velocity of the 
current to increase. The bottom of the bed thus presents a se- 
ries of undulations, forming shallows and deep pooIs, with rapid 
and gentle currents. 

738. Bars are formed at those points, where from any cause 
the velocity of the current receives a sudden check. The 
particles suspended in the water, or bome along over the bottom 
of the bed by the current, are deposited at these points, and con- 
tinue to accumulate, until, by the gradual filling of the bed, the 
water acquires sufficient velocity to bear farther on the particles 
that reach the bar, when the river at this point acquires and re- 
tains a fixed regimen, until disturbed by some new cause. 

739. The points at which these changes of velocity usually 
take place, and near which bars are found, are at the junction of 
a river with its afHuents, at those points where the bed of the river 
receives a considerable increase in width, at the straight portions 
of the bed between eibows, and at the outlet of the river to the 
sea. The character of the bars will depend upon that of the soil 
of the banks, and the velocity of the current. Generally speak- 
ing, the bars in the upper portions of- the bed will be composed 
of particles which are larger than those by which they are fortned 
lower down. These accumulations at the mouths of large riven 
form in time extensive shallows, and great obstructions to the 
discharge of the water during the seasons of freshets. The river 
then, not finding a sufficient ouflet by the ordinary channel, ex- 
cavates for itself others through the most yielding parts of the 
deposites. In this manner are formed those features which char- 
acterize the outlets of many large rivers, and which are termed 
delta, after the name given to the peculiar shape of the outlet^ 
of the Nile. 

740. River Improiyements, There is no subject that falls with- 
in the province of the engineer's art, that presents greater dtffi- 
culties and more uncertain issues than the improvement of rivers. 
Ever subject to important changes in their regimen, as the re- 
gions by which they are fed are cleared of their forests and 
brought under cultivation, one Century sees them deep, flowing 
vrith an equable current, and liable only to a gradual increase in 
volume during the seasons of freshets ; while the next finds their 
beds a prey to sudden and great freshets, which leave them, after 
their violent passage, obstructed by ever shifting bars and elbows. 
Besides these revolutions brought about in the course of years, 
every obstruction temporarily placed in the way of the current, 
every attempt to guard one point from its action by any artificial 
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means, inetitdbly produces some correspondiBg change at anotlier, 
which can seldom be foreseen, and for which the remedy applied 
may prove bot a new cause of härm. Thus, a bar removea from 
one poiDt is found gradually to form lower down ; one bank pro- 
tectea from the current's force transfers its action to the opposite 
one, on any uicrease of volume from freshets, widening the bed, 
and frequently giTing a new direction to the Channel. Owing to 
theae ever varying causes of change, the best weighed plans of 
river improvement sometimes result in complete failure. 

741 . In forming a plan for a river improvement, the principal 
objects to be considered by the engineer, are, Ist, The means to 
be taken to protect the banks from the action of the current. 
8d, Those to preyent inundations of the surrounding country. 
3d, The removal of bars, elbows, and other natural obstructions 
to navigation. 4th, The means to be resorted to for obtaining a 
suitable depth of water for boat9, of a proper tonnage, for the 
trade on the river. 

742. Means forprotecting the banks, To protect the banks, 
either the velocity of the current in-shore must be decreased so 
as to lessen its action on the soil ; or eise a facing of some ma- 
lerial sufficiently durable to resist its action must be employed. 
The former method may be used when the banks are low and 
have a gentle declivity. The simplest plan for this purpose con- 
•ists either in planting such shrubbery on the dechvity as will 
thrive near water ; or by driving down short pickets and interla- 
cing them with twigs, forming a kind of wicker-work. These coq- 
structions break the force of the current, and diminish its velocity 
near the shore, and thus cause the water to deposite its finer par- 
ticles, which sradually fill out and strengthen the banks. If the 
banks are hiffh, and are subject to cave in from the action of the 
current on tneir base, they may be either cut down to a gentle 
decHvity, as in the last case ; or eise they may receive a slope 
of nearfy 45°, and be faced with dry stone, care being taken to 
secure the base by blocks of loose stone, or by a facing of brush 
and stone laid in altemate layers. 

743. Measures against inundations. At the points in the 
course of a river where inundations are to be apprehended, the 
water-way, if practicable, should be increased ; all c^structions 
to the free discharge of the water below the point should be re- 
moved ; and dikes of earth, usually termed levees^ should be 
raised on each side of the river. By increasing the water-way a 
temporary improvement only will be effected ; for, except in the 
season of freshets, the velocity of the current at this point will be 
so much decreased as to form deposites, which, at some future 
day, may prove a cause of damage. In confining the water be- 
tween levees, two methods have been tried ; the one consists ia 
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leaving a water-way strictly necessaiy for the dischai^ of fresh- 
ets ; Ine other in giving the stream a wide bed. The Fo in Italy 
and the Mississippi present examples of the farmer method ; the 
effect of which in both cases has been to raise the bed of the 
stream so much that in many parts the water is habitually above 
the natural surface of the country, leaving it exposed to serious 
inundations should the levees give way. The other method 
has been tried on the Loire in France, and Observation has 
proved that the general level of the bed has not sensibly risen 
for a long series of years ; but it has been found that the bars, 
which are formed aiter each freshet, are shifted constantly by 
the next, so that when the waters have subsided to their ordinary 
State, the navigation is extremely intricate from this cause. Other 
means have been tried, such as opening new Channels at the ex- 

Eosed points, or building dams above them to keep the water 
ack ; but they have all been found to afford only a temporary 
relief. 

744. Elbows, The constant wear of the bank, and shifting 
of the Channel towards the concave side of elbows, have led to 
various plans for removing the inconveniences which they 'pre- 
sent to navigation. The method which has been most generally 
tried for this purpose consists in building out dikes, termedtotV^- 
dams, from the concave side into the stream, placing them either 
at right angles to the thread of the current, or oluiquely down 
stream, so as to deflect the current towards the opposite shore. 




Fig. 174— Represents a section of the timber wing-dams on the Po, formed of plank nafled 

on the incuned pieces of the ribs. 
«& and bc, inclined faces of the dam, the fint making an angle of 63o, and the fleoond 

of S30 with the horizon. 
4 and e« piecea of the rib. 
/•ad gt horizontal piecea ooimeetuig the riba. 
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Wing-dams are usaally constructed either of blocks of stoir 
of crib-work formed of heavy timbers fiUed in with broken ston* 
or of alternate layers of gravel and faacines. Within a few yea 
back, wing-dams, consisüng simply of a series of vertical frame 
or ribs, (Fig. 174,) strongly connected togetber, and covered (^ 
the up*8tream side by thick plank» whicn present a broken in- 
clinea plane to the current, the lower pari of which is less steep 
than the upper, have been used upon the Po, with, it is stated, 
complete success, for arresting the wear of a bank by the cur- 
rent. These dams are placed at some distance above the point 
to be protected, and their plan is slightly convez on the up-stream 
side. 

Wing-<lain$ of the ordinary form and construction are now 
reEarded, from the experience of a long series of years on the 
Rhine, and some other rivers in Europe, as little serviceable, if 
not positiyely hurtful, as a river improvement, and the abandon- 
ment of their use has been strongly urged by engineers in France. 

The action of the current against the side of the dam causes 
whirjs and counter*currents, Which are found to undermine the 
base^of the dam, and the bank adjacent to it. Shallows and bars 
are formed in the bed of the stream, near the dam, by the debris 
bome along by the current after it passes the dam, giving yery 
frequently a more tortuous course to the Channel than it had na* 
turally assumed in the elbow. The best method yet found of 
arresting the progress of an elbow is to protect the concave bank 
by a facing of diy stone, formed by throwing in loose blocks of 
stone along the foot of the bank, and giving them the slope they 
naturally assume when thus thrown in. 

745. Elbows upon most rivers finally reach that State of de- 
velopment in whicn the wear upon the concave side, from the 
action of the current, vdll be entirely suspended, and the regi- 
men of the river at these points will remain stable. This State 
will depend upon the nature of the soil of the banks and bed, 
and the character of the freshets. From observations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
nearly 3000 yards, preserve a fixed regimen ; and that the banks 
of those which have a radius of about 1500 yards are seldom 
injured if properly &ced. 

746. Attempts have, in some cases, been made to shorten and 
straighten the course of a river, by cuttin^ across the tongue of 
land that forms the convex bank of the elbow, and tuming the 
water into a new Channel. It has generally been found that the 
stream in time forms for itself a new bed of nearly the same char- 
acter as it originally had. 

747. Bars. To obtain a sufficient depth of water over bar», 
the deposite must either be scooped up by machinery, and be 
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conveyed away, or be removed by giying an increased velocity 
to the current. When the latter plan is preferred, an artificial 
Channel is formed, by contracting the natural way, confining it 
between two low dikes, wbich should rise only a little above the 
ordinary level of low water, so that a sufficient outlet maybe left 
for the water during the season of freshets, by allowing it to flow 
over the dams. 

If the river separates into several Channels at the bar, dams 
should be built across all except the main Channel, so that by 
throwing the whole of the water into it the effects of the current 
may be greater upon the bed. 

The longitudinal dikes, between which the main Channel is 
confined, snould be placed as nearly as practicable in the direc- 
tion which the Channel has naturaliy assumed. If it be deemed 
advisable to change the position of the Channel, it should be shift- 
ed to that side of the bed which will yield most readily to the 
action of the current. 

748. In situations where large reservoirs can be formed near 
the bar, the water from them may be used for removing it. For 
this purpose an outlet is made from the reservoir, in the direction 
of the bar, which is closed by a gate that tums upon a vertical 
axis, and is so arranged that it can be suddenly thrown open to 
let oflf the water. The chase of water formed in this way sweep- 
ing over the bar will prevent the accumulation of deposites upon 
it. This plan is frequently resorted to in Europe for the remoyal 
of deposites that accumulate at the mouth of harbors in those lo* 
calities where, from the height to which the tide rises, a great 
head of water can be obtainä in the reservoirs. 

749. In the improyement of the mouths of rivers which empty 
into the sea through several Channels, no obstruction should be 

flaced to the free ingress of the tides through all the Channels, 
f the main Channel is subject to obstructions from deposites, 
dams should be built across the secondary Channels, which may 
be so arranged with cuts through them closed by gates, that the 
flood-tide will meet with no obstruction from the gates, while the 
ebb-tide, causing the gates to close, will be forced to recede 
through the main Channel, which, in this way, will be daily 
scoured, and freed from deposites by the ebb current. The same 
object may be effected by building dams without inlets across 
the secondary Channels, givinff them such a height that at a cer- 
tain stage of the fiood-tide, the water will flow over them, and 
fiU the Channels above the dams. The portion of water thus 
dammed in will be fbrced through the main Channel at the ebb. 

750. When the bed is obstructed by rocks, it may be deepened 
by blastin^ the rocks, and removing the fragments with the as« 
sistance of the diving-bell, and other machinery. 

44 
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751. In Bome of our rireTSy obstructions of a veiy dangerous 
character to boato are met with, in the trunks of large trees 
which are imbedded in the bottom at one end, while the other is 
near the surface ; they are termed snags and sawyers by the 
boatmen. These obstructions have been very successfully re- 
moved, within late years, by means of machinery, and by pro- 

Eelling two heayy boats, moyed by steam, which are connected 
y a strong beam across their bows, so that the beam will strike 
the snag, and either break it off near the bottom, or uproot it. 
Other obstructions, termed raftSy formed by the accumulation of 
drift wood at points of a river's course, are also found in some 
of our westem rivers. These are also in process of removal, by 
cutting through them by yarious means which hare been found 
successful. 

752. Slack'Water Namgatüm. When the general depth of 
water in a river is insufficient for the draught of boats of the 
most suitable size for the trade on it, an improvement, termed 
slack-wateTf or lock and dam navigatioriy is resorted to. This 
consists in diyiding the course into sereral suitable ponds, by 
forming dams to keep the water in the pond at a constant head ; 
and by passing from one pond to another by locks at the ends of 
the dams. 

753. The position of the dams, and the number requisite, will 
depend upon the locality. In streams subject to heavy freshets, 
it will ffenerally be advisable to place the dams at the widest 
parts Ol the beJ, to obtain the greatest outlet for the water over 
the dam. The dams may be built either in a straight line be- 
tween the banks and perpendicular to the thread of the current, 
or they may be in a straight line obUque to the current, or their 
plan may be conyex, the convex surface being up stream, or it 
may be a broken line presenting an angle up stream. The three 
last forms offer a greater outlet than the first to the water that 
flows over tlie dam, but are more liable to cause injury to the 
bed below the stream, from the oblique direction which the cur- 
rent may receive, arising from the form of the dam at top. 

754. The cross section of a dam is usuaUy trapezoidal, the 
face up-stream being inclined, and the one down-stream either 
▼ertical or inclined. When the down stream &ce is vertical, the 
velocity of the water which flows- over the dam is destroyed by 
the shock asainst the water of the pond below the dam, but 
whirls are formed which are more dcstructive to the bed than 
would be the action of the current upon it along the inclined face 
of a dam. In all cases the sides ana bed of the stream, for some 
distance below the dam, should be protected from the action of 
the current by a facinff of dry stone, timber, or any other con- 
struction of suj£cient durabiUty for the object in view. 
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755. The dams should receive a sufficient height only to 
maintain the requisite depth of water in the ponds for the pur- 
poses of navigation. , Aiiy material at band, offering sufficient 
durability against the action of the water, may be resorted to in 
their construction. Dams of alternate layers of brush and gravel, 
with a facing of plank, fascines, or dry stone, answer very well 
in gentle currents. If the dam is exposed to heavy freshets, to 
shocks of ice, and other heavy floating bodies, as drift-wood, it 
would be more prudent to form it of dry stone entirely, or of 
crib-work iilled with stone ; or, if the last material cannot be ob- 
tained, of a solid crib-work alone. If the dam is to be made 
water-tight, sand and -gravel. in sufficient quantity may be thrown 
in against it in the upper pond* The points where the dam joins 
the Danks, which are termed the roots of the dam, require par- 
ticular attention to prevent the water from filtering around them. 
The ordinary precaution for this is to build the dam some dis- 
tance back into the banks. 

756. The safest means of communication between the ponds 
is by an ordinary lock. It should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 

aised sufficiently high to prevent them from being overfiowed 
by the heaviest freshets. When the height to which the freshets 
rise is great, the leaves of the head gates should be formed of 
two parts, as a single leaf would, from its size, be too unwieldy ; 
the lower portion being of a suitable height for the ordinary man- 
oeuvres of the lock ; the upper, being used only during the fresh- 
ets, are so arranged that their bottom cross pieces shall rest, 
when the gates are closed, against the top of the lower portions. 
An arrangement somewhat similar to this may be made for the 
tail gates, when the lifts of the locks are great, to avoid the diffi- 
culty of manoeuvring very high gates, by permanently closing 
the upper part of the entrance to the lock at the tail gates, either 
by a wall built between the side walls, or by a permanent frame- 
work, below which a sufficient^eight is left for the boats to pass. 

757. A common, but unsafe method of passing from one pond 
to another, is that which is termed flashing ; it consists of a 
sluice in the dam, which is opened and closed by means of a 
gate revolving on a vertical axis, which is so arranged that it can 
be manoBuvred with ease. One plan for this purpose is to divido 
the gate into two unequal parts by an axis, and to place a valve 
of such dimensions in the greater, that when opened the surface 
against which ihe water presses shall be less than that of the 
smaller part. The play of the gate is thus rendered very simple ; 
when the valve is shut, the pressure of water on the larger sur- 
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face closes it against the sides of the sluice ; wh«n the valve is 
opened, the gate swines round and takes a positiön i(i the direc- 
tion of the current. V arious other plans for flashing, \>ji similaif 
principlea, are to be met with. 

758. When the obstniction in a river cannot be overcome by 
any of the preceding means, as for example in those considerable 
descents in the bed known as rapids, where the water acquires 
a velocity so great that a boat can neither ascend nor descend 
with safety, resort must be had to a canal for the purposeof 
nniting its navigable parts above and below the obstruction. 

The general direction of the canal will be parallel to the bed 
of the river. In some cases it may occupy a part of the bed by 
forming a dike in the bed parallel to the bank, and sufficientlyfar 
from it to give the requisite width to the canal. Whatever posi- 
tiön the canal may occupy, every precaution should be takeo to 
secure it from damage by fireshets. 

759. A lock will usuallybe necessary at each extremityof the 
canal where it joins the river. The positions for the extreme locks 
should be carefuUy chosen, so that the boats can at all times en- 
ter them with ease and safety. The locks should be secured by 
guard gates and other suitable means from freshets ; and if they 
are liable to be obstructed by deposites, arrangements should be 
made for their removal either by a chase of water, or by ma- 
chinery. 

If the river should not present a suflScient depth of water at 
all seasons for entering the canal from it, a dam will be required 
at some point near the lock to obtain the depth requisite. 

It may be advisable in some cases, instead of placing the ex- 
treme locks at the öutlets of the canal to the river, to form a ca- 
pacious basin at each extremity of the canal between the lock 
and river, where the boats can lie in safety. The outlets from 
the basins to the rivers may either be left open at all times, or 
eise guard gates may be placed at them to shut off the water 
during freshets. 
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SEACOAST IMPROVEMENTS. 

760. The foUowing subdivision» may be made of the work« 
belonging to this class of improvements. Ist. Artificial Road- 
steads. 2d. The works required for natural and artificial Har- 
bo^. 3d. The works for tne protection of the seacoast against 
the action of the sea. 

J76I. Before adopting any definitive plan for the improvement 
oj the seacoast at any point, the action of the tides, currents> and 
yraves at that point must be ascertained. 

762. The theory of tides is well understood ; their rise and 
duration, caused by the attraction of the sun and moon, are also de- 
pendent on the strength and direction of the wind, and the confor- 
mation of the shore. Along our own seaboard, the highest tides 
yary greatly between the most southern and northem parts. At 
Eastport, Me., the highest tides, when not aflfected by the wind, 
Vary between twenty-five and thirty feet above the ordinary low 
water. At Boston they rise from eleven to twelve feet above 
the same point, under similar circunistances ; and from New- 
York, foUowing the line of the seaboard to Florida, they seldom 
rise above five feet. 

763. Currents are principally caused by the tides, assisted, in 
some cases, by the wind. The theory of their action is simple. 
From the main current, which sweeps alöng the coast, secondary 
currents proceed into the bays^ or indentations, in a line more or 
less direct, until they strike some point of the shore, from which 
they are deflected, and frequently separate into several others, 
the main branch foUowing the general direction which it had 
when it Struck the shore, and the others not unfrequently taking 
an opposite direction, fonning what are termed counter currents^ 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water known as whirlpools, The action of currents 
on the coast is to wear it away at those points against which 
they directly impinge, and to transport the debris to other points, 
thus forming, and sometimes removing, natural obstructions to 
navigation. These continual changes, caused by currents, make 
it extremely difficult to foresee their effects, and to foretell the 
consequences which will arise from any change in the direction, 
or the intensity of a curre;it, occasioned by artificial obstacles. 

764. A good theory of waves, which shaU satisfactorily ex- 
plain all their phenomena, is stiU ^ desideratum in science. It 
is known that they are produced by winds acting on the surface 
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of the sea ; but how iar this action extends below the surüace, 
and what are its efiects at yarious depths, are questions ihat re- 
main to be answered. The most commonly received theory is, 
that a wave is a simple oscillation of the water, in which each 
particle rises and falls, in a vertical line, a certain distance during 
each oscillation, without receiving any motion of translation in a 
horizontal direction. It has been objected to this theory that it 
fails to explain many phenomena observed in connection with 
waves. 

In a recent French work on this subject, its author, Colonel 
Emy, an engineer of high standing, combats the received theory ; 
and contends that the particles of water receive also a motion 
of translation horizontally, which, with that of ascension, causes 
the particles to assume an orbicular motion, each particle de- 
scribins an orbit, which he supposes to be elliptical. He farther 
contends, that in this manner the particles at the surface com- 
municate their motion to those just below them, and these again 
to the next, and so on downward, the intensity decreasing from 
the surface, without howeyer becoming insensible at even very 
considerable depths ; and that, in this way, owing to the reaction 
from the bottom, an immense volume of water is propelled along 
the bottom itself, with a motion of translation so powerful as to 
oyertlirow obstacles of the greatest strength if directly opposed 
to it. From this he argues that walls built to resist the shock of 
the waves should receive a very great batir at the base, and that 
this batir should be gradually decreased upward, until, towards 
the top, the wall should project over, thus presenting a concave 
surface at top to throw the water back. B^ adopting this form, 
he contends that the mass of water, which is rolled forward, as 
it were, on the bottom, when it strikes the face of the wall, will 
ascend along it, and thus gradually lose its momentum. These 
views of Colonel Emy have been attacked by other engineers, 
who have had opportunities to observe the same phenomena, on 
the ground that they are not supported by facts ; and the question 
still remains undecided. It is certain, from experiments made 
by the author quoted upon walls of the form here described, that 
they seem to answer fully their intended purpose. 

765. Roddsteads. The term roadstead is applied to an in- 
dentation of the coast, where vessels may ride securely at an- 
chor under all circumstances of weather. If the indentation is 
covered by natural projectrons of the land, or capesj from the 
action of the winds and waves, it is said to be landrlocked ; in 
the contrary case, it is termed an open roadstead. 

The anchorage of open roadsteads is often insecure, owing to 
violent winds setting into them from the sea, and occasioning 
high waves, which are very straining to the moorings. The 
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remedy applied in this case is to place an obstruction, near the 
entrance oi the roadstead, to break the force of the waves from 
the sea. These obstructions, termed breakwaters, are artiiicial 
islands of greater or less extent, and of variable form, according 
to the nature of the case, made by throwing heayy blocks of 
stone into the sea, and allowing them to take their own bed. 

The first great work of this kind undertaken in modern times, 
was the one at Cherbourg in France, to cover the roadstead in 
front of that town. After some trials to break the effects of the 
waves on the roadstead by placing large conical shaped struc- 
tures of timber fiUed with stones across it, which resulted in 
failure, as these vessels were completely destroyed by subsequent 
storms, the plan was adopted of forming a breakwater by throw- 
ing in loose blocks of stone, and allowing the mass to assume the 
form produced by the action of the waves upon its surface. The 
subsequent experience of many years, during which this work 
has been exposed to the most violent tempests, has shown that 
the action of the sea on the exposed surface is not very sensible 
at this locality at a depth of about 20 feet below the water level 
of the lowest tides, as the blocks of stone forming this part 
of the breakwater, some of which do not average over 40 Ibs. 
in weight, have not been displaced from the slope the mass 
first assumed, which was somewhat less than one perpendicular 
to one base. From this point upwards, and particularly between 
the level s of high and low water, the action of the waves has 
been very powerful at times, during violent gales, displacing 
blocks Ol several tons weight, throwing them over the top of the 
breakwater upon the slope towards the shore. Wherever this 
part of the surface has been exposed the blocks of stone have 
been gradually worn down by the action of the waves, and the 
slope has become less and less steep, from year to year, until 
finally the surface assumed a slightly concave slope, which, at 
some points, was as great as ten base to one perpendicular. 

The experience acquired at this work has conclusively shown 
that breakwaters, formed of the heaviest blocks of loose stone, 
are always liable to damage in heavy gales when the sea breaks 
over them, and that the only means of securing them is by cov- 
ering the exposed surface with a facing of heavy blocks of ham-» 
mered stone carefully set in hydraulic cement. 

As the Cherbourg breakwater is intended also as a military 
construction, for the protection of the roadstead against an ene- 
my's fleet, the cross section shown in (Fig. 175) has been adopt- 
ed for it. Profiting by the experience of many years' Observation, 
it was decided to construct the work that forms the cannon battery 
of solid masonry laid on a thick and broad bed of beton. The 
top siirface of the breakwater is covered with heavy loose blocks 
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of Btone, and the fool of the w&ll on the face ia protected by 
la^e block« of artificial stone fonned of beton. The top of the 
baUery i> about 12 feet above the liighest water level. 



The tiext wt^k of the kind was built to corer the roadstead of 
Pljrmouth in England. Its cross section was, at tirst, made with 
an interior slope of one and a half base to one perpendicular, and 
an exlerior slope of only three base to one perpendicular; but 
fr«[n the damage it sustained in the severe tempests in the 
Winter of 181&-17, it ts thought that iu exterior alope was too 
abrupt. 

A work of the sinne kind is still in process of constructlon od 
our coast, off the tnouth of the Delaware. The same cross sec- 
tion has been adopted for it as in the one at Cherbourg. 

All of these works were made in the same way, discharging 
the stone on the spot, from veascls, and allowing it to take its 
own bed, except for the facing, where, when practicable, the 
blocka were carefully laid, so as to present a uniform surface to 
the waves. The interior of the maas, in each case, has been 
formed of stone in small blocka, and the facing of very large 
Blocks. It is thought, however, that it would be more prudent 
to form the whole of large blocks, because, were the exterior to 
suffer damage, and e^enence shows that the heariest blocks yel 
used have at times been displaced bv the ahock of the waves, the 
interior would slill present a great oSstacle. 

From the foregoing details, reapecting the cross sections of 
breakwaters, which from experiment have been found to answer, 
, the proper form and dinüensiona of the cross section in similar 
cases may be arranged. Aa to the plan of auch worka, it must 
depend on the locality. The position of the breakwater should 
be choaen with regard to the direction of ihe heavieat awelts froni 
the sea, into the roadstead, — the action of the current, and that 
of the waves. The part of the roadstead which it Covers aliould 
afford a proper depth of waler, and secure ancborage for vessels 
of the largeat class, during the most severe storms ; and vessels 
should be able to double ine breakwater uoder all ciicumstances 
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of wind and tide. Such a position shotild, moreoTer, be choeeti 
that there will be no liability to obstructions bejng fornted witbin 
the roadstead, or at any of its ouUets, from the change ia the 
current which may be made by the breakwater. 

766. The difficulty of obtaining very heavy blocks of gtonc, 
OS well as their great cost, hm led to the Suggestion of substitu- 
ting for them blocks of artificial stone, form^ of concrele, which 
can be made of any sh^>G and size desirable. This plan has 
been tried with succcss in several instances, particularly in a 
jetty or moie, at Algiers, constnicted by the French goTemmenl. 
The beton for a portion of this work was placed in Wge boxes, 
the sides of which were of wood, shaped at bottom to correspond 
to the irregularities of the bottom on which the beton was to be 
ttpread. The bottom of the box was made of strosg canvaas tar- 
red. These boxes were first sunk in the position for which ihey 
were constructed, and then filled with the beton. 

767. Harbors. The term i secure an- 
chorage of a more limited et d, and there- 
fore offering a safer refuge di !r. Harbors 
are either tiaturai, or artifiäa 

768. An artificial harbor enclosing a 
Space on the coaat between stone, or of 
wood, termed^'eftt'ef, which | mtheshore, 
in such a way as to coTer the i of the ivind 
and waves. I 

769. The plan of each jett ace enclosed 
by the two will depend on th rhich i^may 
be supposed will be in the hi E. Thf dis- 
tance between the ends, or A( ch fomfe the 
mouth of the harbor, will ali cumstaoces ; 
it should seldom be less thai nd genirally 
need not be moie tban tlre I ;ertaia jvinds 
at every point of a coast whic i than ftheis 
to vessels entering and quittii the trahquil- 
lity of its watei. One of tht i account, be 
longer than the other, and be both break 
the force of the heaviest 8W< he mouth of 
the harbor, and iacilitate the ingress and egress of ressels, by 
preventing them from being driven by the winds on the other 
jetty, just as they are entering or quitting the mouth. 

770. The cross section, and consiruction of a stone jetty differ 
in nothing from those of a breakwater, eicept that the jetty is 
usually wider on top, thirty feet being allowed, as it serves foJ 
a wharf in unloading vessels. Tlie head of the jetty is usually 
made circular, and considerably broader than the other part», as 
it, in some instances, receives a lighihouse, and abatteiy of can- 
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non. It should be made with great care, of large blocks of stone 
well united by iron, or copper cramps, and the exterior courses 
should moreover be protected by fender beams of heavy timber, 
to receive the shock of floatinff bodies. 

T71. Wooden jetties are formed of an onen frame work of 
heavy timber, the sides of which ^e covered on the interior by 
a strong sheeting of thick plank. Each rib of the frame 
(Fig. 176) consists of two incüned pieces, which form the sides, 




Flff. 179— Reprasents a cros sccllon of a wooden jetty. 
a, Toundatioii piles. 



fr, inclined aide pieces. 

ueoee I 
e, struts. 



c. middle uprigni 

a, cron pieoee Dolted in pain. 



m, kxngitadinal pieoea bolted in pain. 
0, parapet. 

— of an upright centre piece, — ^and of horizontal clamping pieces, 
which are notched and bolted in pairs on the inclined and upright 
pieces ; the inclined pieces are farther strengthened by struts, 
which abut against them and the upright. The ribs are con- 
nected by large string-pieces, laid horizontally, which are notched 
and bolted on the inclined pieces, the uprights, and the clamping 
pieces, at their points of junction. The foundation, on which 
this framework rests, consists usually of three rows of large 
piles driven under the foot of the inclined pieces and the upright«- 
The rows of piles are firmly connected by cross and longituainal 
beams notched and bolted on them ; and they are, moreover, 
firmly united to the framework in a similar manner. The inte- 
rior sheeting does not, in all cases, extend the entire length ot 
the sides, but open spaces, termed clear-ways, are often left, to 
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S'ye a free passage and spread to the waves confined between 
e jetties, for the purpose of forming smooth water in the Chan- 
nel. If the jetties are covered at their back with earth, the dear 
ways receive the form of inclined planes. 

The foundation of the jetties requires particular care, espe- 
cially when the Channel between them is very narrow. Loose 
stone thrown around the piles is the ordinary construction used 
for this purpose ; and, if it be deemed necessary, the bottom of 
the entire Channel may be protected by an apron of brash and 
loose stone. 

The top of the jetties is covered with a flooring of thick plank, 
which serves as a wharf. A streng band railing should be 
placed on each side of the flooring as a protection against acci- 
dents. The sides of jetties have been variously inclined ; the 
more usual inclination varies between three and four perpendicu- 
lar to one base. 

772. Jetties are sometimes built out to form a passage to a 
natural harbor, which is either very much exposed, or subject to 
bars at its mouth. By narrowing the passage to the harbor be- 
tween the jetties, great velocity is given to the current caused 
by the tide, and this alone will free the greater part of the Chan- 
nel from deposites. But at the head of the jetties a bar will, in 
almost every case, be found to accumulate, from the current 
along shore, which is broken by the jetties, and from the dimin- 
ished velocity of the ebbing tides at tiiis point. To remove these 
bars resort may be had, in localities where they are left nearly 
dry at low water, to reservoirs, and sluices, arranged with turn- 
ing gates, like those adverted to for river improvements. The 
reservoirs are formed by excavating a large basin in-shore, at 
some suiiable point from which the collected water can be di- 
rected, with its füll force, on the bar. The basin will be filled 
at flood-tide, and when the ebb commences the sluice gates will 
be kept closed until dead low water, when they should all be 
opened at once to give a streng water chase. 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, large basins, termed wet- 
dockSf are formed, in which the water can be kept at a constant 
level. A wet-dock may be made either by an in-shore excavation, 
or by enclosing a part of the harbor with streng water-tight walls ; 
the first is the »more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by means 
of an ordinary lock. With the first method vessels can enter 
the basin only at high tide ; by the last they may be entered or 
passed out at any period of the tide. The outlet of the lock 
should be provided with a pair of guard gates, to be shut against 
very high tides, or in cases of danger from storms. 
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774. The construction of the locks for basins differs in nothisg, 
in principle, from that pursued in canal locks. The ereatest 
care ¥rill necessarily be taken to form a strong mass free n*om all 
danger of accidents. The gates of a basin-lock are made convex 
towaids the head of water, to give them more strength to resist 
the great pressure upon them. They are hung and manoeuvred 
differently from ordinary lock gates ; the quoin-post is attached 
to the side walls in the usual way : but at the foot of the mitre- 
post an iron or brass roUer is attached, which runs on an iron 
roller way, and thüs Supports that end of the leaf, relieving the 
coUar of the quoin-post from the strain that wouldl)e otherwise 
thrown on it, besides giving the leaf an easy play. Chains are 
attached to each mitre-post near the centre of pressure of the , 
water, and the gate is opened, or closed, by means of windlasses 
to which the other ends of the chains are fastened. 

775. The quays of wet-docks are usually built of masonry. 
Both brick and stone have been used ; the iacing at least should 
be of dressed stone. Large fender-beams may be attached to 
the face of the wall, to prevent it from being brought in contact 
with the sides of the vessels. The cioss section of quay-walls 
should be fixed on the same principles as that of other sustaining 
walls. It might be prudent to add buttresses to the back of the 
wall to strengthen it against the shocks of the vessels. 

776. Quay-walls with us are ordinarily made either by form- 
ing a facing of heavy round or Square piles driven in juxtaposition, 
which are connected by horizontal pieces, and secured from the 
pressure of the earth nlled in behind them by land-ties ; or, by 
placing the pieces hohzontally upon each other, and securing 
them by iron bolts. Land-ties are used to counteract the pres- 
sure of the earth or nibbish which is thrown in behind them to 
form the surface of the quay. Another mode of construction, 
which is found to be strong and durable, is in use in our Eastern 
seaports. It consists in making a kind of crib-work of large 
blocks of granite, and filling in with earth and stone rubbish. 
The bottom course of the crib may be laid on the bed of the 
river, if it is firm and horizontal ; in the contrary case a strong 
grillage, termed a cradle, must be made, and be sunk to receive 
the stone work. The top of the cradle should be horizontal, and 
the bottom should receive the same slope as that of the bed, in 
Order that when the stones are laid they may settle horizontally. 

777. Dikes. To protect the lowlands bordering the ocean from 
inundations, dikes, constructed of ordinary earth, and faced to- 
waids the sea with some material which will resist the action of 
the current, are usually resorted to. 

The Dutch dikes, by means of which a large extent of countiy 
has been reclaijned and protected from the sea, are the most re- 
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markable structures of this kind in existence. The cross section 
of those dikes is of a trapezoidal form, the width at top averaging 
from four to six feet, the interior slope being the same as the na- 
tural slope of the earth, and the exterior slope varying, according 
to circumstances, between three and twelve base to one perpendic- 
ular. The top of the dike, for perfect safety, should be about 
six feet above the level of the highest spring tides, although, in 
many places, they are only two or three above this level. 

The earth for these dikes is taken from a ditch in-shore, be- 
tween which and the foot of the dike a space of about twenty 
feet is left, which answers for a road. The exterior slope is va- 
riously faced, according to the means at band, and the character 
of the current and waves at the point. In some cases, a streng 
straw thatch is put on, and firmly secured by pickets, or other 
means ; in others, a layer of fascines is spread over the thatch, 
and is strongly picketed to it, the ends of the pickets being al- 
lowed to project out about eighteen inches, so that they can re- 
ceive a wicker-work formed by interlacing them with twigs ; 
the Spaces between this wicker-work being filled with broken 
stone ; this forms a very durable and streng facing, which resists 
not only the aclion of the current, but, by its elasticity, the shocks 
of the heaviest waves. 

The foot of the exterior slope requires peculiar care for its 
protection ; the shore, for this purpose, is in some places cover- 
ed with a thick apron of brush and gravel in altemate layers, to 
a distance of one hundred yards into the water from the foot of 
the slope. 

On some parts of the coast of France, where it has been found 
necessary to protect it from encroachments of the sea, a cross 
section has been given to the dikes towards the sea, of the same 
form as the one which the shore naturally takes from the action of 
the waves. The dikes in olher respects are constructed and faced 
after the manner which has been so long in practice in Holland. 

778. Groins. Consfructions, termed groinsy are used when- 
ever it becomes necessary to check the effect of the current 
along the shore, and cause deposites to be formed. These are 
artiiicial ridges which rise a few feet only above the surface of 
the beach, and are built out in a direction either perpendicular 
to that of the shore, or oblique to it. They are constructed ei- 
ther of clay, which is well rammed and protected on the surface 
by a facing of fascines or stones ; or of layers of fascines,; or of 
one or two rows of short piles driven in juxtapositioti ; or any 
other means that the locality may furnish may be resorted to ; 
the object being to inlerpose an obstacle, which, breaking the 
force of the current, will occasion a deposite near it, and thus 
gradually cause the shore to gain upon the sea. 
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779. Sea-walls, When the sea encroaches upon the land, 
forming a steep bluff, the face of which is gradually wom away, 
a wall of masonry is the only means that will afford a permanent 
protection against this action of the waves. Walls meide for tbis 
object are termed sea-walls, The face of a sea-wall should be 
constructed of the most durable stone m large blocks. The 
backing may be of rubble or of beton. The wnole work should 
be laid with hydraulic mortar. 
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